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ABSTRACT 
AN EVALUATION OF THE USE OF CARBON DIOXIDE GAS 
IN WET SHRIMP STORAGE 
(97 pages) 
By 
John Richardson Hardee i l l 
Thes i s A d v i s o r : Dr. Rocker T. Staton 
In recent years there has been inc reas ing i n t e r e s t in 
the development of be t t e r methods of p re se rv ing shrimp at 
s e a . The i ncen t ive for such development has been twofold : 
f i r s t , a need for fu rn i sh ing the consumer with a higher qua l ­
i t y product in an expanding market and, second, a need for 
the reduct ion of s p o i l a g e as a f a c t o r which l i m i t s shrimping 
o p e r a t i o n s . Among many research p r o j e c t s there a re r epor t s 
of a b a c t e r i o s t a t i c e f f e c t caused by an atmosphere of carbon 
d i o x i d e . The e f f e c t of such an atmosphere had been i n v e s t i ­
gated under l a b o r a t o r y c o n d i t i o n s , but apparen t ly i t had 
never been app l i ed to the commercial s to rage of shrimp. 
S ince p r e s e r v a t i o n of shrimp with a carbon d iox ide atmosphere 
seemed to have the p o s s i b i l i t y of being compatible with p re s ­
ent commercial p r a c t i c e and of being more economical than 
other methods, an experiment was proposed whereby two l o t s of 
shrimp would be s tored under s imulated commercial c o n d i t i o n s , 
excep t for a carbon d iox ide atmosphere surrounding one l o t ; 
VI I I 
t h e r a t e s o f s p o i l a g e i n a i r and c a r b o n d i o x i d e a t m o s p h e r e s , 
r e s p e c t i v e l y , c o u l d then be compared . 
B e f o r e such an e x p e r i m e n t c o u l d be made, a means of 
measurement of s p o i l a g e of shr imp under f i e l d c o n d i t i o n s had 
t o be o b t a i n e d . An e x p e r i m e n t a l method f o r o b t a i n i n g such 
a measure had been p roposed by r e s e a r c h e r s a t L o u i s i a n a S t a t e 
U n i v e r s i t y . L a b o r a t o r y t r i a l s r e v e a l e d t h a t such a method 
c o u l d be used i f i t w e r e a l t e r e d somewhat and c a l i b r a t e d 
a g a i n s t a known s t a n d a r d . S u p p l i e s of m a t e r i a l s w e r e p r e ­
p a r e d w i t h w h i c h a d a i l y measure of s p o i l a g e c o u l d be o b t a i n ­
ed t h r o u g h o u t t h e p roposed e x p e r i m e n t . 
Two s t o r a g e boxes w e r e b u i l t in w h i c h commerc ia l s t o r ­
age c o n d i t i o n s a b o a r d shr imp b o a t s c o u l d be s i m u l a t e d . Shr imp 
w e r e t a k e n d i r e c t l y f rom t h e s e a , h e a d e d , p l a c e d in t h e s t o r ­
age boxes w i t h i c e in a normal commerc ia l manner and s t o r e d 
f o r t h r e e w e e k s . D u r i n g t h e s t o r a g e p e r i o d an a tmosphere 
o f c a r b o n d i o x i d e was m a i n t a i n e d in one of t h e s t o r a g e b o x e s . 
E a c h day an a p p r o x i m a t e b a c t e r i a c o u n t was o b t a i n e d f o r t h e 
shr imp i n e a c h box by removing a sample of s i x s h r i m p , w a s h ­
ing t h i s sample in a p r e v i o u s l y p r e p a r e d j a r of s t e r i l e d i s ­
t i l l e d w a t e r , i n o c u l a t i n g t u b e s of medium w i t h t h e wash w a t e r , 
i n c u b a t i n g t h e i n o c u l a t e d t u b e s of medium, and m e a s u r i n g t h e 
l e n g t h o f t ime r e q u i r e d f o r t h e medium t o change c o l o r ( t i m e 
f o r c o l o r change b e i n g r e l a t e d t o b a c t e r i a c o u n t ) . 
B e c a u s e of a d i f f i c u l t y e n c o u n t e r e d in t h e r e g u l a t i o n 
of t h e f l o w of c a r b o n d i o x i d e f rom s u p p l y c y l i n d e r s , t h e r e 
was some q u e s t i o n a s t o w h e t h e r o r not a l o s s o f f l a v o r and 
t e x t u r e o f t h e shr imp exposed t o t h e c a r b o n d i o x i d e a t m o s ­
p h e r e had been c a u s e d by mere e x p o s u r e t o t h e gas i t s e l f . 
T h e r e f o r e , shr imp were s t o r e d a second t ime and t h r e e s e p a r ­
a t e c o n d i t i o n s of a tmosphere d u p l i c a t e d : a i r , i n t e r m i t t e n t 
f l o w of c a r b o n d i o x i d e and c o n t i n u o u s f l o w of c a r b o n d i o x i d e . 
I t was found t h a t a c a r b o n d i o x i d e a tmosphere does 
h a v e a m e a s u r a b l e b a c t e r i o s t a t i c e f f e c t , but mere e x p o s u r e 
t o such an a tmosphere c a u s e s shr imp t o l o s e f l a v o r and change 
i n t e x t u r e upon c o o k i n g . T h e r e f o r e , such a s t o r a g e method 
i s u n d e s i r a b l e f o r commerc ia l p r a c t i c e . H o w e v e r , t h e t e s t ­
ing p r o c e d u r e d e v e l o p e d f o r use in t h i s e x p e r i m e n t a t i o n 
p r o v e d a p r a c t i c a l means o f m e a s u r i n g b a c t e r i a l a c t i v i t y i n 
t h e f i e l d . B e c a u s e t h e t e s t p r o v e d s e n s i t i v e and f a i t h f u l l y 
r e p r o d u c e d a c c e p t a b l e r e s u l t s , i t i s recommended t h a t c o n ­
s i d e r a t i o n be g i v e n f o r i t s use in e s t a b l i s h i n g q u a l i t y c o n ­
t r o l t e c h n i q u e s i n t h e s e a f o o d i n d u s t r i e s . 
CHAPTER I 
INTRODUCTION 
Growth o f t h e Shr imp B u s i n e s s . - - T h e r e h a v e been t h r e e major 
p h a s e s in the deve lopment of t h e shr imp b u s i n e s s i n t h i s 
c o u n t r y . The f i r s t phase began s e v e r a l y e a r s a f t e r t h e b e ­
g i n n i n g o f t h i s c e n t u r y . The second came d u r i n g the d e p r e s ­
s i o n y e a r s . The t h i r d and p r e s e n t phase was e n t e r e d a f t e r 
W o r l d War I i . 
Two i n g r e d i e n t s w e r e r e q u i r e d f o r t h e f i r s t s u c c e s s ­
f u l s h r i m p i n g : a n e t and power w i t h w h i c h t o d r a g t h e n e t 
a l o n g t h e o c e a n f l o o r . Sometime a f t e r the t u r n of t h i s 
c e n t u r y t h e s e two i n g r e d i e n t s came t o g e t h e r . A modern f i s h ­
ing v e s s e l of t h e t i m e s u p p l i e d t h e l a t t e r i n g r e d i e n t , i f 
i t was e q u i p p e d w i t h a d i e s e l e n g i n e , w h i l e t h e o t t e r t r a w l 
s u p p l i e d t h e o t h e r i n g r e d i e n t . A man in s e a r c h o f a new 
p r o d u c t b r o u g h t t h e two t o g e t h e r . 
A t f i r s t t h e v e r y n a t u r e of s h r i m p i n g was t h a t o f 
i n d i v i d u a l i t y . A f i s h e r m a n found he c o u l d e a r n a l i v i n g , 
and m o r e , by c a t c h i n g s h r i m p . In t i m e he was a b l e t o pay 
f o r h i s b o a t . A f t e r t h a t , i f he c o n t i n u e d h i s h a r d w o r k , 
he began to pay f o r a second b o a t . I n t a k i n g t h i s s t e p i t 
was p o s s i b l e f o r t h e f i s h e r m a n t o o b t a i n a v e s s e l w h i c h he 
r e g a r d e d a s b e t t e r a d a p t e d t o s h r i m p i n g . I t i s upon t h i s 
p r o c e s s t h a t t h e growth and deve lopment o f t h e shr imp 
b u s i n e s s was b a s e d . The r e s u l t was t h a t t h e f i s h e r m a n e x i s t ­
ed as a f r e e a g e n t . He and he a l o n e d i c t a t e d t h e t i m e and 
p l a c e f o r s h r i m p i n g , t h e t y p e o f b o a t , and t h e k i n d s of 
e q u i p m e n t . H i s c o m p e n s a t i o n was d e t e r m i n e d by t h e amount 
o f shr imp he r e t u r n e d to p o r t . 
[ t i s somet imes conceded t h a t s h r i m p i n g f i r s t o c c u r r e d 
n e a r t h e p o r t o f F e r n a n d i n a , F l o r i d a , d u r i n g t h e f i r s t t e n 
y e a r s o f t h i s c e n t u r y . From t h e r e i t s p r e a d both up and down 
t h e A t l a n t i c c o a s t . As t h e b u s i n e s s d e v e l o p e d i t was found 
t h a t t h e most p r o f i t a b l e p r a c t i c e c o n s i s t e d of s h r i m p i n g i n 
w a t e r s a s f a r s o u t h a s New Smyrna , F l o r i d a , d u r i n g t h e w i n ­
t e r months then moving t o G e o r g i a o r even N o r t h C a r o l i n a 
w a t e r s d u r i n g t h e summer m o n t h s . 
D u r i n g t h i s p e r i o d , t h e f i r s t phase of g r o w t h , a 
s h r i m p i n g v o y a g e r a r e l y l a s t e d beyond one d a y . A boa t wou ld 
l e a v e t h e dock i n t h e e a r l y h o u r s of m o r n i n g . As t h e sun b e ­
gan t o r i s e t h e n e t wou ld be p l a c e d i n the w a t e r . D u r i n g 
t h e l a t e morn ing and e a r l y a f t e r n o o n h o u r s t h e n e t w o u l d be 
p u l l e d a l o n g t h e ocean f l o o r . When n e c e s s a r y i t wou ld be 
t a k e n ou t o f t h e w a t e r , e m p t i e d , and r e t u r n e d . I n t h e l a t e 
a f t e r n o o n t h e b o a t w o u l d r e t u r n t o p o r t . The shr imp o b t a i n ­
ed w e r e p r o c e s s e d t h a t same a f t e r n o o n or e v e n i n g . I f s o l d 
on t h e l o c a l marke t t h e y w e r e a v a i l a b l e f o r consumpt ion t h e 
n e x t d a y . I f s o l d on t h e New York m a r k e t t h e y w e r e a v a i l a b l e 
f o r consumpt ion in s e v e r a l d a y s , depend ing upon t r a n s p o r t a t i o n . 
I t was a r a r e o c c u r r e n c e when shr imp were o f f e r e d t o t h e 
consumer as long as one week a f t e r they had been caught . 
The shrimp trawler of 1930 was the r e s u l t of years 
of t r i a l and e x p e r i e n c e . Each f e a t u r e inc luded in the v e s ­
se l had been proved to be s u c c e s s f u l by the men who used i t . 
The hul l was about 30 f e e t long with a mast p laced in the 
c e n t e r . Behind the mast was an open deck which was c l e a r 
e x c e p t for a hatch l e a d i n g t o the s t o r a g e space for shrimp 
and crushed i c e . In f r o n t of the mast was a small cabin con­
t a i n i n g the s t e e r i n g gear and eng ine c o n t r o l . D i r e c t l y be­
neath t h i s cabin was the e n g i n e room, c o n t a i n i n g a d i e s e l 
e n g i n e of approx imate ly f o r t y horsepower. In the forward 
p o r t i o n of the hul l t h e r e was room for a small cooking 
s t o v e and one or two bunks, which were used for o v e r n i g h t 
t r i p s between p o r t s . 
At t h i s t ime the g r e a t e s t problem of a man in the 
shrimp b u s i n e s s was tha t of f i n d i n g shrimp. The boat s and 
equipment had been proved to be p r a c t i c a l . With a small 
amount of crushed i c e , p r e s e r v a t i o n of the shrimp was no 
g r e a t problem. Each o p e r a t o r , whether he was working t o ­
wards h i s f i r s t boat or h i s t e n t h , found h i m s e l f invo lved 
wi th the law of supply and demand. The demand for shrimp 
was expanding then and has c ont inue d t o do so in the p r e s e n t 
marke t . (19 )^ The supply of shrimp, however, i s r e g u l a t e d 
by n a t u r e . To a l l appearances i t was nature that brought 
^Numbers in p a r e n t h e s i s r e f e r t o r e f e r e n c e s l i s t e d 
i n the bibl iography. 
a b o u t a b a l a n c e . By t h e y e a r 1935 t h e number of shr imp r e ­
p r o d u c e d in t h e A t l a n t i c w a t e r s w e r e a l m o s t enough t o sup ­
p o r t t h e number o f b o a t s o p e r a t e d . 
I t was t h e s o l u t i o n t o t h i s prob lem of s u p p l y t h a t 
b r o u g h t about t h e second phase o f g rowth and d e v e l o p m e n t . 
The b e g i n n i n g o f t h i s phase i s marked by t h o s e few p e r s o n s 
who were t h e f i r s t t o s h i f t t h e b a s e of t h e i r o p e r a t i o n s 
f rom t h e A t l a n t i c c o a s t t o t h e G u l f o f M e x i c o . A map of 
t h e two r e g i o n s w i l l show t h e c a u s e o f t h e c h a n g e s t h a t 
took p l a c e . On t h e A t l a n t i c c o a s t t h e r e i s a s e r i e s o f 
p o r t s in no i n s t a n c e more than f i f t y m i l e s a p a r t . E a c h o f 
t h e s e p o r t s i s e a s i l y a c c e s s i b l e t o t h e o c e a n . T h e r e was 
no p o r t so a c c e s s i b l e t o t h e w a t e r s o f f L o u i s i a n a where 
shr imp w e r e found in l a r g e numbers in 1935. The o n l y p o r t 
a v a i l a b l e was t h a t o f Morgan C i t y - B e r w i c k , L o u i s i a n a . 
A l t h o u g h t h i s p o r t p o s s e s s e d t h e r a i l and h ighway 
c o n n e c t i o n s n e c e s s a r y f o r t h e movement o f shr imp t o m a r k e t , 
i t was i n l a n d . To r e a c h an a r e a where shr imp w e r e found 
t h e b o a t s had t o move about t w e n t y m i l e s down t h e A t c h a f a l a y a 
R i v e r and then about ten more m i l e s a c r o s s t h e A t c h a f a l a y a 
B a y . I t was no l o n g e r f e a s i b l e f o r t h e b o a t s to r e t u r n t o 
p o r t e a c h n i g h t . Expert ence proved t h a t a c r u i s e o f t e n to 
f o u r t e e n d a y s was p r a c t i c a l . The l i m i t i n g f a c t o r was f o u n d 
to be t h e s p o i l a g e o f s h r i m p . 
In L o u i s i a n a , t h e same p r o c e s s by w h i c h a f i s h e r m a n 
had become t h e owner and o p e r a t o r of s e v e r a l b o a t s e l s e w h e r e 
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was repeated. Here a new fleet of boats, adapted to the 
changed need, was gradually produced. The new trawler was 
larger, being about 50 or 60 feet long. The rear of the 
cabin was enlarged to contain quarters for the captain. 
Otherwise each feature remained substantially the same ex­
cept for size. One story of this movement to Louisiana and 
the resulting changes is found in the Morgan City Review (21) . 
As the end of the first phase of growth is marked by 
an increase in the number of boats operated, so is the second 
phase. World War II served to prevent natural expansion for 
a time. At the end of the war there was a ready supply of 
funds available for the purchase of new boats. A large part 
of this money came from those who had been engaged in the 
shrimp business. However, much of it came from outside 
sources. For the first time large amounts of capital were 
lured by the past successes of shrimping. In the space of 
a few years the number of boats operated was nearly doubled. 
Figure 1 is a picture of one of these boats. 
The third phase of growth was caused by another search 
for supplies of shrimp. This time the search moved in all 
directions. Some boats returned to the Atlantic coast and 
searched as far north as New Jersey. Eventually shrimp were 
found off the Florida west coast. This caused boats to be 
based in both Key West and Tampa. Boats searching in the 
other direction moved down the Texas coast. In the south­
western areas of the Gulf, shrimp were found as far south as 

t h e Y u c a t a n P e n i n s u l a o f M e x i c o . T h u s , B r o w n s v i l l e , T e x a s , 
became a s h r i m p i n g p o r t b e c a u s e i t p r o v i d e d a c c e s s t o bo th 
Texan and Mex ican w a t e r s . 
Among t h e prob lems e n c o u n t e r e d in t h i s t h i r d phase 
w e r e r a n g e and c r e w c o m f o r t . These w e r e s o l v e d a s b e f o r e 
by i n c r e a s i n g t h e s i z e of t h e b o a t s . A g r e a t e r p rob lem 
was t h a t of s p o i l a g e . I t became n e c e s s a r y t o f r e e z e shr imp 
a s t h e y w e r e l a n d e d in o r d e r t h a t t h e y r e a c h t h e consumer 
i n good c o n d i t i o n . M o r e o v e r , t h e prob lem of p r e s e r v i n g 
shr imp a t sea came t o be r e c o g n i z e d a s a r e a l p r o b l e m . 
P r e s e r v a t i o n by s t o r a g e i n c r u s h e d i c e has been and 
s t i l l i s t h e most common method of k e e p i n g shr imp i n a mar­
k e t a b l e c o n d i t i o n w h i l e a t s e a . Most shr imp t r a w l e r s h a v e 
a h o l d w h i c h i s d i v i d e d i n t o compar tments a s shown i n F i g u r e 
2 . One o r more of t h e s e compar tments i s f i l l e d w i t h c r u s h e d 
i c e in t h e p r e p a r a t i o n f o r a t r i p . When shr imp a r e t o be 
s t o r e d , a l a y e r of i c e o f s i x t o t w e l v e i n c h e s depth i s 
p l a c e d a t t h e bottom o f one o f t h e empty c o m p a r t m e n t s . Shr imp 
and i c e a r e p l a c e d in a mixed manner on top of t h i s bot tom 
l a y e r . C a r e i s t a k e n to keep a l a y e r of i c e a l o n g t h e s i d e s 
o f the compar tment . At t h e top o f t h e compartment a n o t h e r 
l a y e r of i c e i s p l a c e d . I n t h i s way t h e shr imp a r e c o m p l e t e ­
l y s u r r o u n d e d by m e l t i n g i c e d u r i n g t h e w h o l e p e r i o d o f s t o r ­
age on t h e b o a t . F i g u r e 3 shows shr imp so s t o r e d b e i n g u n ­
l o a d e d f rom a b o a t . 
E x p e r i e n c e has shown t h a t shr imp may be k e p t in t h e 
SHRIMP a ICE STORAGE ENGINE ROOM CREW QUARTERS 
F i g u r e 2 . T y p i c a l S h r i m p T r a w l e r H u l l A r rangement 
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a b o v e manner no t much l o n g e r than \k d a y s . T h u s , when b o a t s 
a r e o p e r a t i n g a t ex t reme r a n g e , a s in t h e B a y o f Campeche, 
M e x i c o , shr imp must be t r a n s f e r r e d e v e r y few d a y s to a boa t 
w h i c h i s r e t u r n i n g t o p o r t . As a r e s u l t t h e r e h a v e been 
s e v e r a l s t u d i e s o f t h e shr imp s t o r a g e prob lem in r e c e n t 
y e a r s . 
S t u d i e s Concerned w i t h S h r i m p . - - O n e o f t h e f i r s t d e t a i l e d 
s t u d i e s of d e t e r i o r a t i o n of shr imp was r e p o r t e d by G r e e n , 
Holmes and M c C l e s k e y ( 1 7 ) . T h i s work p r o v i d e s a good i n t r o ­
d u c t i o n t o t h e prob lem b e c a u s e i t was " u n d e r t a k e n to o b t a i n 
and r e c o r d b a c t e r i o l o g i c a l d a t a on shr imp f rom t h e t ime 
c a u g h t u n t i l m a r k e t e d a s a f r e s h or f r o z e n p r o d u c t . " ( 1 7 , 
p. 365) I n a c c o m p l i s h i n g t h i s t a s k , t h e a u t h o r s used l a b o r ­
a t o r y p r o c e d u r e s to o b t a i n d a t a of t h e numbers and k i n d s of 
b a c t e r i s found on shr imp s t o r e d under d i f f e r e n t c o n d i t i o n s . 
T h e i r f i n d i n g s c o n f i r m e d t h e commerc ia l c o n c l u s i o n t h a t i c e d 
shr imp may be kep t l o n g e r w i t h t h e heads removed. They r e ­
commend thorough and f r e q u e n t w a s h i n g of e a c h l o t o f shr imp 
t o r e d u c e t h e number o f b a c t e r i a t h e r e o n , A s i m i l a r s t u d y 
w i t h s i m i l a r r e s u l t s was r e p o r t e d by Campbell and W i l l i a m s ( 5 ) 
The phenomenon of b l a c k s p o t t i n g - - o c c u r r e n c e o f p r o ­
nounced b l a c k bands or s p o t s where t h e s h e l l segments o f 
shr imp o v e r l a p - - h a s c a u s e d much i n t e r e s t and c o n c e r n t o p e r ­
sons h a n d l i n g s h r i m p . F i e g e r r e p o r t e d the c a u s e o f t h i s c o n ­
d i t i o n a s o x i d a t i o n in 1951 ( 1 6 ) . S i n c e t h a t t i m e o t h e r 
s t u d i e s o f the same s u b j e c t have been r e p o r t e d ( 1 , 2 , S- 1 5 ) . 
Alford and F ieger found, "The shrimp s tored under anaerob ic 
c o n d i t i o n s in cracked i c e did not deve lop black s p o t s even 
a f t e r ten days of s t o r a g e , whereas the contro l deve loped 
them in the usual manner." ( 1 , p. 2 1 9 ) . Their exper imenta­
t i o n wi th sodium b i s u l f i t e and propylene o x i d e i n d i c a t e d 
that such a n t i o x i d a n t s would contro l b lack s p o t t i n g . The 
d i f f i c u l t y i s tha t such c h e m i c a l s are e i t h e r uneconomical 
or impart an o b j e c t i o n a b l e t a s t e , odor or c o l o r to shrimp. 
The most promis ing c h e m i c a l , sodium b i s u l f i t e , w i l l turn 
shrimp ye l low when used in too g r e a t a c o n c e n t r a t i o n ( 3 6 ) . 
The idea of s t o r a g e of shrimp in r e f r i g e r a t e d br ine 
s o l u t i o n s has been i n v e s t i g a t e d mainly a t the Marine Labor­
a t o r y , U n i v e r s i t y of Miami, F l o r i d a (20 & 2 3 ) . Mingledorf f 
experimented wi th a commercial development of t h i s idea and 
e v o l v e d a system for the immersion f r e e z i n g of shrimp a t 
sea (27). In the use of t h i s sys tem, shrimp are p laced in 
wire b a s k e t s in l o t s of about f i f t y pounds. The b a s k e t s are 
then p laced in a tank of c i r c u l a t i n g br ine which has been 
r e f r i g e r a t e d to n e a r l y z e r o d e g r e e s F a h r e n h e i t . Af ter ten 
or f i f t e e n minutes the shrimp are frozen and are removed 
from the br ine tank. They are then p laced in cardboard boxes 
in the r e f r i g e r a t e d hold of the boa t . With t h i s method each 
shrimp i s f rozen i n d i v i d u a l l y and remains s e p a r a t e so long 
as i t i s f r o z e n . 
Crowther (3) and Dassow (9) a l s o advocate the i n s t a l l a 
t i o n of equipment aboard boat s for the f r e e z i n g of shrimp at 
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s e a . From the p r a c t i c a l view of the commercial shrimper 
f r e e z i n g shrimp a t sea i s u n d e s i r a b l e for two r e a s o n s . F i r s t , 
the c a p i t a l investment in equipment and i n s u l a t i o n of the 
hold i s l a r g e . The shrimper would rather r i s k h i s money on 
two boats s i n c e f r e e z i n g equipment adds nothing to the quan­
t i t y of shrimp caught . Second, the t e c h n i c a l s k i l l invo lved 
in the o p e r a t i o n and maintenance of f r e e z i n g equipment i s 
not immediately a v a i l a b l e in a shrimping crew a t s e a . 
S ince the development of a n t i b i o t i c compounds there 
has been i n t e r e s t in the p o s s i b i l i t y of t h e i r a p p l i c a t i o n to 
the p r e s e r v a t i o n of f o o d s t u f f s . M i l l e r (26) d e s c r i b e s the 
use of Aureomycin wi th f r e s h p o u l t r y . This method of wash­
ing or d ipping f r e s h p o u l t r y in a low c o n c e n t r a t i o n water 
s o l u t i o n of a n t i b i o t i c i s the f i r s t t h a t has been a u t h o r i z e d 
for commercial use by food and drug o f f i c i a l s . Farber (13) 
r e p o r t s a s i m i l a r method of washing used t o t e s t a n t i b i o t i c 
use wi th f i s h and shrimp. 
As a p p l i c a b l e t o shrimp, an a n t i b i o t i c o f f e r s a prac­
t i c a l means of c o n t r o l l i n g s p o i l a g e when i t i s d i s p e r s e d in 
the i ce in which shrimp are s t o r e d . When the i ce m e l t s a 
c o n t i n u a l supply of f r e s h a n t i b i o t i c i s r e l e a s e d . The d i f f i ­
c u l t y of making a block of i c e having a uniform c o n c e n t r a t i o n 
of a n t i b i o t i c i s d e s c r i b e d by Upham ( 3 5 ) . Furthermore, 
"Aureomycin i c e i n c r e a s e s the s h e l f l i f e of f re sh shrimp, 
but i t s use p r e s e n t s a s e r i o u s d i f f i c u l t y . The b i v a l e n t -
ions used to c h e l a t e the a n t i b i o t i c to the c a r r i e r , c a t a l y z e 
-
a p p a r e n t l y t h e f o r m a t i o n o f b l a c k s p o t . " ( 2 2 ) . 
S t u d i e s o f S e a f o o d . - - O n e o f t h e l a t e s t summat ions o f t h e 
t e c h n i q u e s o f commerc ia l f i s h i n g i s found in B u t l e r ( 3 ) . 
B a s i c a l l y t h e s e t e c h n i q u e s may be c o n s i d e r e d a s p r o b l e m s 
o f m a t e r i a l s h a n d l i n g . The commodi ty may be h a n d l e d e i t h e r 
w e t or f r o z e n , but t h e c o m p l i c a t i o n o f s p o i l a g e i s added 
w i t h t h e p a s s a g e o f t i m e . "The o f f e r i n g o f f i s h e r y p r o d u c t s 
t o t h e consumer t h a t a r e j u s t b a r e l y a c c e p t a b l e i s n o t a 
g o a l t o s t r i v e f o r . R a t h e r i t ' s a f i s h , o y s t e r or shr imp 
p r o d u c t t h a t r e t a i n s a maximum o f t h e c h a r a c t e r i s t i c aroma, 
f l a v o r , t e x t u r e and g e n e r a l p a l a t e s a t i s f a c t i o n . " ( 3 , P a r t 
1 , p . 8 0 ) . To t h i s end much r e s e a r c h on f o o d s t u f f s in g e n ­
e r a l h a s been d e v o t e d . 
S h o r t and B a r t l e t t ( 3 2 ) and l a t e r S taph and Wool r i c h 
( 3 4 ) s t u d i e d t h e h e a t c o n t e n t o f shr imp t o g e t h e r w i t h o t h e r 
f o o d s . I t was n o t e d t h a t " u n d i l u t e d w a t e r h a s a f r e e z i n g 
p o i n t , but f o o d h a s a f r e e z i n g r a n g e . " ( 3 4 , p . 1 0 8 8 ) . As 
a p p l i e d t o s h r i m p , i t was found t h a t a t a t e m p e r a t u r e o f 
t w e n t y d e g r e e s F a h r e n h e i t a l m o s t t e n per c e n t o f t h e mass 
was u n f r o z e n ( 3 2 , p . 2 4 ) . T h i s means t h a t e v e n a t t e m p e r a ­
t u r e s w e l l b e l o w t h a t o f m e l t i n g i c e t h e r e i s a c o n s i d e r a b l e 
p o r t i o n of a shr imp in t h e u n f r o z e n s t a t e a n d , h e n c e , c a p a b l e 
o f s u p p o r t i n g b a c t e r i a l a c t i v i t y . K i s e r r e p o r t e d t h a t 
" s t u d i e s on b a c t e r i a l f l o r a o f f i s h h a v e c o n s i s t e n t l y shown 
t h a t t h e o r g a n i s m s found in and on f i s h a r e a b l e t o m u l t i p l y 
a t low t e m p e r a t u r e s . " ( 2 5 , p . 2 5 7 ) . 
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An excelent review of research on the spoilage of 
seafood is found in Reay and Shewan (30). In simpler terms, 
spoilage has been found to be characterized by a combined 
simultaneous growth of bacteria and chemical breakdown. The 
microorganisms cause chemical breakdown and the chemical 
products provide food for the microorganisms. It has been 
found that in animal life bacteria exist on the outside sur­
faces and in the digestive tract while the animal is alive. 
The flesh and other parts of the animal are, by comparison, 
sterile so long as the animal is alive. Once the animal 
dies there is no deterent to the free growth and multipli­
cation of bacteria. Hence, they are able to progress from 
the skin and digestive tract throughout the flesh. 
The growth patern of microorganisms has three dis­
tinct phases: first, a lag phase where it is believed that 
the bacteria grow in size with little or no increase in num­
ber; second, a log phase where growth and multiplication 
occur logarithmicaly; third, a maximum stationary phase 
where the bacteria maintain their number but no longer in­
crease that number. The time interval for this growth pat­
tern is altered by temperature. At low temperatures the 
growth interval may be increased to a period of days or weeks. 
At an optimum-growth temperature this interval may be com­
pressed into several hours, in which case the phases of the 
growth patern are likely to be indistinguishable. 
There are two more or less separate classes of bacteria 
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t h o s e found on t h e l a n d and t h o s e found in t h e s e a . The 
m a r i n e v a r i e t i e s , as m e n t i o n e d b e f o r e (25, p. 257), a r e 
c a p a b l e o f a c t i v i t y a t t e m p e r a t u r e s be low t h e f r e e z i n g 
p o i n t o f w a t e r . T h i s p a r t i a l l y e x p l a i n s why s e a f o o d w i l l 
s p o i l much more r a p i d l y than o t h e r f o o d s . 
A t t e m p t s a t c o n t r o l l i n g s p o i l a g e must be d i r e c t e d 
toward t h e l i m i t a t i o n o f t h e t h r e e f a c t o r s i n v o l v e d ; a c t i o n 
by b a c t e r i a l , c h e m i c a l or m e c h a n i c a l means. " A l l t h e e x i s t ­
ing e v i d e n c e goes t o show t h a t b a c t e r i a l a c t i v i t y i s by f a r 
t h e most i m p o r t a n t f a c t o r in s p o i l a g e of wet f i s h . " (31, 
p. 4 9 ) . Among t h e methods o f c o n t r o l l i n g s p o i l a g e t h a t 
h a v e been i n v e s t i g a t e d t h e r e i s ment ion of t h e use o f c a r b o n 
d i o x i d e gas ( 3 0 & 3 1 ) • T h i s " h a s been found t o be an e f f e c ­
t i v e b a c t e r i a l i n h i b i t o r a t c o n c e n t r a t i o n s e x c e e d i n g about 
40 per c e n t when used in c o n j u n c t i o n w i t h normal s towage 
in i c e . " ( 3 0 , p. 3 8 9 ) 
S t u d i e s of the Use o f Carbon D j o x i d e . - - T h e n o t e d r e v i e w s of 
t h e s u b j e c t o f t h e s p o i l a g e of s e a f o o d ( 30 & 3 1 ) bo th men­
t i o n t h e a c t i o n o f c a r b o n d i o x i d e . They a l s o l i s t s e v e r a l 
s t u d i e s w h i c h have been made ( 6 , 7, 1 8 , 24 & 3 3 ) - Among 
t h e e a r l i e r o f t h e s e i s what K i l l e f f e r emphasized was a 
p r e l i m i n a r y r e p o r t ( 2 4 ) . He s a y s : 
I t i s e s p e c i a l l y i n t e r e s t i n g t o n o t e t h a t t h e e f ­
f e c t on c u l t u r e s has not been s i m p l y t o r e s t r a i n 
t h e growth o f a e r o b i c b a c t e r i a and p e r m i t f r e e 
g rowth o f a n a e r o b e s , a s one migh t e x p e c t t o be 
t h e normal outcome of r e p l a c i n g a i r by a n o t h e r 
gas ( 2 4 , p. 1 4 2 ) . 
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This was w r i t t e n in 1930 and was des igned t o c r e a t e i n t e r e s t 
in research on the use of carbon d i o x i d e . As a r e s u l t there 
were severa l r e p o r t s of such re search between 1930 and 1935-
Callow (4) experimented wi th pork and bacon. Moran, 
Smith and Tomkins (28) were i n t e r e s t e d in mould growth on 
meat. Coyne (6 £• 7) pub l i shed two r e p o r t s concerned wi th 
f i s h . Haines (18) and Stansby and G r i f f i t h s (33) a l s o in­
v e s t i g a t e d f i s h . In a l l of t h e s e works t h e r e i s general 
agreement that carbon d i o x i d e gas i n h i b i t s the growth of 
b a c t e r i a beyond what might be expec ted when a i r i s rep laced 
by an i n e r t atmosphere . In a recent s tudy Durbin (10) 
found tha t growth of b a c t e r i a a t t o x i c l e v e l s of carbon d i ­
o x i d e i s de layed and may be i n t e r p r e t e d as a s t r a i g h t l i n e 
f u n c t i o n rather than as a l o g a r i t h m i c f u n c t i o n . All of 
t h e s e s t u d i e s might be termed the i n v e s t i g a t i o n of a labora­
t o r y c u r i o s i t y for "The h i t c h , as y e t , l i e s in the proper 
a p p l i c a t i o n under c o n d i t i o n s f e a s i b l e in commercial prac­
t i c e . " ( 2 4 , p. 142) 
In d i s c u s s i n g the use of carbon d i o x i d e on f i s h 
Coyne s a y s : 
The c o n c e n t r a t i o n of carbon d i o x i d e which g i v e s 
optimal r e s u l t s appears t o be about f o r t y t o s i x t y 
per c e n t . Below t h e s e l i m i t s b a c t e r i a l growth i s 
l e s s c o m p l e t e l y i n h i b i t e d but no g r e a t advantage 
i s gained by h igher c o n c e n t r a t i o n s . In f a c t , some 
of the exper iments s u g g e s t t h a t s o f t e n i n g of the 
f l e s h occurs to a g r e a t e r degree in the h igher con­
c e n t r a t i o n s , a l though t h i s i s not marked ( 7 , p. 24T) . 
While Reay and Shewan in rev iewing the use of chemical a g e n t s 
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in g e n e r a l s a y : 
The more e f f e c t i v e o f t h e s e p r e s e r v a t i v e s , in c o n ­
c e n t r a t i o n s t h a t wou ld s t a n d a c h a n c e of b e i n g 
s p e c i a l l y p e r m i t t e d ( b y f o o d and drug a u t h o r i t i e s ) , 
d e l a y t h e o n s e t o f p u t r i d i t y by a t most about f i v e 
to seven d a y s ; but the f i s h , d u r i n g t h i s p e r i o d o f 
e x t e n s i o n , a l t h o u g h not r e p u l s i v e in odor or f l a v o r , 
a r e f r e q u e n t l y v e r y s o f t tn t e x t u r e and o f p o o r , 
u n a t t r a c t i v e q u a l i t y . T h i s c r i t i c i s m a p p l i e s 
e q u a l l y t o t h e use o f c a r b o n d i o x i d e (30, p. 389)-
S p e a k i n g f o r t h e Food and A g r i c u l t u r e O r g a n i z a t i o n o f 
t h e U n i t e d N a t i o n s , Rieman and Bramsnaes p o i n t ou t t h e f i e l d s 
o f r e s e a r c h i n v o l v i n g f i s h w h i c h a r e of most immediate i n t e r ­
e s t (31). Among t h e s e i s m e n t i o n e d c a r b o n d i o x i d e . S p e c i f i ­
c a l l y , t h e y s a y : "Owing t o t h e p o s s i b i l i t i e s o f such t r e a t ­
ment b e i n g c h e a p e r t h a n i c i n g and c o n s i d e r i n g t h e l a b o r i n ­
v o l v e d in i c i n g , i t i s f e l t t h a t p r a c t i c a l t r i a l s w i t h c a r ­
bon d i o x i d e a l r e a d y i n i t i a t e d s h o u l d c o n t i n u e . " (31, p. 57) 
W i t h t h i s i n mind i t was f e l t t h a t some e x p e r i m e n t a t i o n s h o u l d 
be c a r r i e d o u t w h e r e b y t h e use of c a r b o n d i o x i c e gas f o r t h e 
p r e s e r v a t i o n o f shr imp a t sea wou ld be e v a l u a t e d . 
F o r m a t i o n o f t h e E x p e r i m e n t a l P r o b l e m . - - P r e v i o u s r e s e a r c h 
w i t h c a r b o n d i o x i d e has been c a r r i e d on in l a b o r a t o r i e s . 
T h i s work gave e v i d e n c e o f a d e f i n i t e b a c t e r i o s t a t i c e f f e c t 
g a i n e d when a i r was r e p l a c e d by c a r b o n d i o x i d e g a s . T h i s 
e f f e c t might be e x p e c t e d t o add f i v e t o seven d a y s t o t h e 
s t o r a g e l i f e of s h r i m p . No r e p o r t o f r e s e a r c h w i t h shr imp 
has been d i s c o v e r e d . I f t h e a s s u m p t i o n i s made t h a t a c a r ­
bon d i o x i d e a tmosphere w i l l add a p p r o x i m a t e l y one week to 
t h e s t o r a g e l i f e of s h r i m p , t h e r e a r e t h e p r a c t i c a l a s p e c t s 
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o f a c t u a l use t h a t must be c o n s i d e r e d . 
The use of c a r b o n d i o x i d e gas a b o a r d a shr imp t r a w l e r 
c o u l d be more economica l than e i t h e r f r e e z i n g or t h e use o f 
a n t i b i o t i c c h e m i c a l s s i n c e bo th t h e f i x e d and v a r i a b l e c o s t s 
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w o u l d be l o w e r . R e p l a c e m e n t o f a i r i n t h e h o l d of a boa t 
wou ld be r e l a t i v e l y s i m p l e b e c a u s e c a r b o n d i o x i d e i s n e a r l y 
one and one h a l f t i m e s as h e a v y a s a i r . P r o v i s i o n wou ld 
h a v e t o be made f o r t h e d r a i n i n g o f w a t e r f rom the h o l d i n t o 
t h e b i l g e . No s p e c i a l s k i l l w o u l d be r e q u i r e d of t h e boa t 
c r e w , i f mere r e p l a c e m e n t of a tmosphere was a l l t h a t was r e ­
q u i r e d . Some means wou ld have t o be d e v i s e d whereby each 
compartment o f t h e h o l d c o u l d be s e a l e d a s i t was f i l l e d 
w i t h shr imp and i c e . T h i s w o u l d a l l o w t h e change of a t m o s ­
p h e r e in o n l y t h o s e compar tments c o n t a i n i n g shr imp and e n a b l e 
t h e c r e w to work in t h e rema inder of the h o l d w i t h o u t b r e a t h ­
ing a p p a r a t u s o r v e n t i l a t i o n of t h e e n t i r e s t o r a g e a r e a . T h u s , 
t h e i n s t a l l a t i o n and use o f c a r b o n d i o x i d e wou ld be r e l a t i v e ­
l y s i m p l e and seems to p o s s e s s no p r a c t i c a l d i f f i c u l t y such 
as a l t e r a t i o n o f t h e boa t h u l l . 
The a d v a n t a g e of an a d d i t i o n a l week of s t o r a g e l i f e 
f o r shr imp a b o a r d a boat w o u l d mean t h a t t h e l e n g t h o f t h e 
s h r i m p i n g v o y a g e w o u l d be more l i m i t e d by t h e e n d u r a n c e o f 
t h e c r e w than by s p o i l a g e o f s h r i m p . I t a l s o a p p e a r s l o g i c a l 
E c o n o m i c a l l y , c a r b o n d i o x i d e c y l i n d e r s a b o a r d a b o a t 
c o u l d p o s s e s s an a d d i t i o n a l a d v a n t a g e th rough a r e d u c t i o n of 
i n s u r a n c e r a t e s , i f t h e y w e r e c o n n e c t e d as f i r e e x t i n g u i s h e r s . 
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t h a t s h r i m p , i f k e p t under b a c t e r i o s t a t i c c o n d i t i o n s f o r 
such p e r i o d s o f t i m e as a r e now commerc ia l p r a c t i c e , would 
be of b e t t e r q u a l i t y when t h e y r e a c h e d t h e consumer . From 
an economic s t a n d p o i n t , t h e a d v a n t a g e s o f b e t t e r q u a l i t y 
and b e t t e r boat u t i l i z a t i o n c o u l d be m e a s u r e d . 
What t y p e o f e x p e r i m e n t would d e t e r m i n e t h e j u s t i f i ­
c a t i o n of t h e assumed b a c t e r i o s t a t i c e f f e c t c a u s e d by a 
c a r b o n d i o x i d e a t m o s p h e r e ? I f shr imp w e r e b r o u g h t I n t o a 
l a b o r a t o r y t h e r e s u l t s m igh t p r o v e i n c o n c l u s i v e b e c a u s e of 
t h e age of t h e shr imp a t t h e t i m e t h e e x p e r i m e n t was b e g u n . 
An i n s t a l l a t i o n o f equipment in t h e h o l d o f a shr imp t r a w l e r 
would s top t h e p r o d u c t i o n o f t h a t t r a w l e r f o r t h e d u r a t i o n 
o f t h e e x p e r i m e n t . As a compromise i t was d e c i d e d t h a t 
s t o r a g e boxes c o u l d be made w h i c h would s i m u l a t e the c o n d i ­
t i o n s a b o a r d a t r a w l e r . W i t h two i d e n t i c a l b o x e s , one c o u l d 
be used a s a c o n t r o l in w h i c h normal commercia l c o n d i t i o n s 
a r e s i m u l a t e d . The o t h e r box c o u l d then be c o n n e c t e d t o a 
s u p p l y of c a r b o n d i o x i d e and t h e a tmosphere i n s i d e changed 
a t w i l l . Samples of shr imp t a k e n f rom e a c h box, when com­
p a r e d , wou ld g i v e a measure o f t h e e f f e c t o f t h e c a r b o n d i ­
o x i d e a t m o s p h e r e . T h i s measure w o u l d then i n d i c a t e t h e com­
m e r c i a l f e a s i b i l i t y of a c t u a l use o f t h e g a s . 
A p o s i t i v e f i n d i n g i n such an e x p e r i m e n t wou ld be of 
t remendous i m p o r t a n c e t o t h o s e p e o p l e who make up t h e shr imp 
b u s i n e s s . T h i s o p i n i o n i s based upon t h e l i t e r a t u r e m e n t i o n ­
ed and t h e a u t h o r ' s k n o w l e d g e , background and i n t e r e s t in 
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normal s towage in i c e a s p r e s e n t l y p r a c t i c e d . 
The c r e w of a shr imp boa t i s e n t i r e l y c a p a b l e o f u s i n g 
c a r b o n d i o x i d e gas a t s e a . They wou ld be r e q u i r e d to p l a c e 
an a i r t i g h t p a r t i t i o n in f r o n t o f e a c h compartment a s i t was 
f i l l e d w i t h shr imp and i c e and to open a v a l v e to a l l o w gas 
t o f l o w i n t o t h e f i l l e d c o m p a r t m e n t s . 
The a u t h o r b e l i e v e s t h a t t h e c r e w of a shr imp boa t 
w o u l d put a p a r t i t i o n in p l a c e and open a v a l v e , i f t h e y 
w e r e shown t o b e n e f i t f rom such a c t i o n s . By c o n t r a s t , t h e y 
w o u l d not make p e r i o d i c a n a l y s e s , keep d e t a i l e d r e c o r d s and 
t h e l i k e b e c a u s e t h a t i s not t h e i r n a t u r e . One d i f f i c u l t y 
e x p e r i e n c e d w i t h b r i n e f r e e z i n g sys tems i s t h a t t h e c r e w 
wou ld not m a i n t a i n t h e b r i n e a t s u f f i c i e n t s a l i n i t y w h i l e 
a t s e a . 
B e c a u s e t h e r e i s a p o s s i b l y low i n s t a l l a t i o n c o s t 
and a low c o s t of u s e , i t might be sound economic p r a c t i c e 
t o use c a r b o n d i o x i d e in t h e p r e s e r v a t i o n o f wet shr imp a t 
s e a . Through t h e method of s c i e n t i f i c i n v e s t i g a t i o n i t i s 
p o s s i b l e t o e v a l u a t e such use and p o i n t t o a d e c i s i o n w h i c h 
w o u l d e i t h e r implement a new p r o c e d u r e or c a u s e c o n c e n t r a ­
t i o n on r e s e a r c h of o t h e r p o s s i b i l i t i e s . 
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CHAPTER I I 
DEVELOPMENT OF TEST PROCEDURE 
Methods o f D e t e r m i n i n g S p o i 1 a g e . - - 1 n t h e p r e p a r a t i o n f o r an 
e v a l u a t i o n of t h e u s e o f c a r b o n d i o x i d e in wet shr imp s t o r a g e , 
i t was f i r s t n e c e s s a r y t o f i n d a means of compar ing shr imp 
s a m p l e s . I f l i k e p o r t i o n s of t h e same l o t o f shr imp w e r e to 
be s t o r e d under i d e n t i c a l c o n d i t i o n s e x c e p t f o r a t m o s p h e r e , 
a d a i l y compar ison o f samples f rom each p o r t i o n wou ld i n d i ­
c a t e t h e day by day e f f e c t of t h a t a t m o s p h e r e . Compar ison 
of t h e d e g r e e o f s p o i l a g e of d a i l y samples w o u l d c o n s e q u e n t ­
l y i n d i c a t e t h e r e l a t i v e amount of p r e s e r v a t i o n c a u s e d by 
t h e change o f a t m o s p h e r e , but t h e q u a n t a t i v e measurement of 
s p o i l a g e i s d i f f i c u l t . 
S p o i l a g e i s an i r r e v e r s i b l e a c t i o n and in d i f f e r e n t 
f o o d s i t m a n i f e s t s i t s e l f in d i f f e r e n t w a y s . T h e r e f o r e , no 
u n i f o r m c r i t e r i a may be a p p l i e d by w h i c h s p o i l a g e i s m e a s u r e d . 
In t h e o b s e r v a t i o n of f r o z e n f o o d s we might want t o measure 
m o i s t u r e l o s s a s an i n d i c a t o r o f s p o i l a g e , b u t t h i s i n v o l v e s 
o n l y a m e c h a n i c a l c o n d i t i o n o f s p o i l a g e . I n o b s e r v a t i o n of 
a f a t t y f o o d we might want t o measure r a n c i d i t y o r o x i d a t i o n 
o f t h e f a t t y s u b s t a n c e s a s an i n d i c a t o r o f s p o i l a g e , but 
t h i s i n v o l v e s m a i n l y a c h e m i c a l c o n d i t i o n of s p o i l a g e . Gen­
e r a l l y s p e a k i n g a measure o f b a c t e r i a l a c t i v i t y has been 
found to be a more s e n s i t i v e i n d i c a t o r o f s p o i l a g e than any 
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o t h e r method ( 1 4 ) . 
The most common measure of b a c t e r i a l a c t i v i t y i s the 
count ing of numbers of b a c t e r i a ( 1 2 ) . This r e q u i r e s labora­
tory f a c i l i t i e s and t e c h n i q u e s . It u s u a l l y i n v o l v e s the 
d i l u t i o n of a sample wi th pure water u n t i l o n l y a few bac­
t e r i a may be e x p e c t e d to be found in a g iven volume. A 
measured volume of t h i s water i s then p laced in a f l a t sur­
faced d i s h c o n t a i n i n g b a c t e r i a l n u t r i e n t s . The d i s h i s then 
p laced in an incubator for 48 t o 72 hours . At the end of 
tha t t ime i t i s assumed that the ind iv idua l b a c t e r i a in the 
o r i g i n a l sample were separated in the p r o c e s s of d i l u t i o n . 
The incubat ion per iod a l l o w s t h e s e to grow and m u l t i p l y t o 
the e x t e n t t h a t they become v i s i b l e s p o t s in the d i s h . The 
number of t h e s e s p o t s or c o l o n i e s m u l t i p l i e d by the degree 
of d i l u t i o n r e p r e s e n t s the number of b a c t e r i a p r e s e n t in the 
o r i g i n a l sample . 
B a c t e r i a l a c t i v i t y may be measured i n d i r e c t l y by 
chemical means. That i s , i f the chemical products of bac­
t e r i a l a c t i v i t y are known, the amount of t h e s e products pre ­
s e n t in a sample r e p r e s e n t s the b a c t e r i a l a c t i v i t y tha t has 
taken p l a c e in t h a t sample. One of the chemical products i s 
the hydrogen ion . Thus, one of the s impler measures pro­
posed i s a measure of pH ( 1 1 ) . 
In a recent a r t i c l e , Novak, F i e g e r , and B a i l e y d i s c u s s 
some of the problems of measurement and propose two methods 
for approximation of b a c t e r i a l count s in shrimp and o y s t e r s . 
2k 
Lack of laboratory facilities or technicaly trained personnel in seafood industries instigates the development of fast scientific tests requiring only minor equipment and simple application of fund­amental chemical knowledge. Standard plate count procedures requiring kS to 72 hours are definitely too time consuming prior to processing and packag­ing many foods. Quick methods are essential to determine if it is safe to continue processing a product, or whether it should be rejected. Such tests have been developed, and are here described, for the rapid approximation of bacterial counts in shrimp and oysters. These tests should be applica­ble to other food products having counts within cer­tain ranges. 
One method involves growth of the microorganisms in a carbohydrate-containing medium; the rapid forma­tion of acid, which is proportional to the number of bacteria present in the added sample, furnishes the indicant for the test and the basis of measure. Acid formation is readily measured by observing the color change in an indicator added to the medium. 
Another method found to be successful is a modi­fication of the methylene blue reductase test. It differs from the milk test in that rapid counts on numerous other products can be made by employing a single medium. Sterilized, nonfat dry milk solids in solution serves merely as a medium, and is not the source of any microorganisms. In this deter­mination, time required for reduction of methylene blue in a synthetic medium by bacterial reductases is measured. The length of time required is an indication of the number of bacteria present in an added sample (23, p. 6 6 ) . 
It appeared that one of the two above tests could be 
adapted for use in the proposed experiment. Therefore, pre-
liminary testing was carried on in a laboratory in antici­
pation of the development of a procedure whereby daily 
shrimp samples could be compared and their approximate de­
gree of spoilage recorded. 
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Preliminary Testing.--Before any preliminary tests could be 
made, it was first necessary to construct an incubator. 
Since it was anticipated that the incubator would be used 
in a field test which might involve its use on a shrimp 
boat at sea, portability and reliability were prime consid­
erations. A test tube rack in a water bath appeared to be 
the most satisfactory arrangement. Such a device was con­
structed using a rectangular tropical fish aquarium and a 
fifty watt aquarium heater with thermostat. Once adjusted 
this arrangement maintained a temperatore of 95 degrees 
Fahrenheit within one degree. Its convenience and operation 
were entirely satisfactory. 
Both of the tests recommended by Novak, Fieger and 
Bailey (29) require the preparation of a medium in test 
tubes. A volume of five ml. (milliliters) is placed in in­
dividual tubes. These tubes are then capped and sterilized. 
In use an equal volume (five ml.) of sample is added to the 
medium in the tube. The tube is then placed in an incubator 
and maintained at a temperature of 95 degrees Fahrenheit un­
til the color of the contents changes. The length of time 
required for this color change is proportional to the number 
of bacteria in the inoculating sample. If the number of 
bacteria in the sample is small, the time required for color 
change is great. If the number of bacteria in the sample is 
Â description of the incubator constructed and used 
for all the tests herein described is found in the Appendix. 
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l a r g e , t h e t i m e r e q u i r e d f o r c o l o r c h a n g e i s s m a l l . 
A f i r s t t e s t was made t o g a i n e x p e r i e n c e and 
d e t e r m i n e w h i c h o f t h e two media w o u l d be t h e b e s t f o r u s e . 
G l a s s w a r e was washed a c c o r d i n g t o s t a n d a r d l a b o r a t o r y p r a c ­
t i c e . A q u a n t i t y o f t h e m i l k - c o n t a i n i n g medium was m i x e d . 
F i f t y t e s t t u b e s c o n t a i n i n g f i v e m l . e a c h w e r e p r e p a r e d . 
T h e s e w e r e p l u g g e d w i t h c o t t o n , t h e t o p wrapped w i t h h e a v y 
k r a f t paper and s t e r i l i z e d in an a u t o c l a v e f o r f i f t e e n m i n ­
u t e s . When t h e s e t u b e s had c o o l e d i t was n o t e d t h a t some 
o f t h e m i l k m i x t u r e had c u r d l e d . A s i m i l a r q u a n t i t y o f t h e 
a c i d p r o d u c t i o n medium was m i x e d and t u b e s p r e p a r e d a s a b o v e . ' 
A f t e r t h e s e p r e p a r a t i o n s w e r e c o m p l e t e d i t was found t h a t t h e 
pH m e t e r had b e e n i m p r o p e r l y c a l i b r a t e d . I t was t h o u g h t t h a t 
t h i s was t h e c a u s e o f t h e c u r d l i n g o f t h e m i l k medium. The 
e r r o r d i d n o t a p p e a r t o be g r e a t enough t o w a r r a n t new s o l u ­
t i o n s f o r t h i s f i r s t t e s t . 
The f i r s t t e s t c o n s i s t e d o f t h e i n o c u l a t i o n o f 
t h r e e t u b e s o f e a c h medium. The i n o c u l a t i n g s a m p l e s w e r e a l l 
t a k e n d i r e c t l y from t h e s t a n d a r d £ , co l i c u l t u r e , No. 1 0 5 3 6 , 
m a i n t a i n e d by t h e G e o r g i a Tech E n g i n e e r i n g E x p e r i m e n t S t a ­
t i o n . The t h r e e s a m p l e s w e r e : one m l . , two m l . and o n e b a c ­
t e r i o l o g i c a l l o o p - - t h a t vo lume w h i c h can be c o n t a i n e d in a 
^For d e t a i l e d i n f o r m a t i o n c o n c e r n i n g t h e f o r m u l a e , 
p r e p a r a t i o n p r o c e d u r e , and u s e o f t h e s e media t h e r e a d e r i s 
r e f e r r e d t o t h e o r i g i n a l a r t i c l e ( 2 9 ) . The f o r m u l a u s e d in 
t h e p r e p a r a t i o n o f t h e a c i d p r o d u c t i o n medium u s e d in t h e 
c o u r s e o f t h e e x p e r i m e n t s d e s c r i b e d in C h a p t e r s M l and IV 
i s found in t h e A p p e n d i x . 
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four mm. ( m i l l i m e t e r ) diameter loop of f i n e w i r e . After 
e i g h t hours none of the tubes c o n t a i n i n g the milk medium 
had changed c o l o r a p p r e c i a b l y . Those tubes c o n t a i n i n g the 
a c i d product ion medium required the f o l l o w i n g t imes for the 
c o l o r change: 130 minutes for the two ml. sample, 180 min­
u t e s for the one ml. sample and 300 minutes for the one loop 
sample. It was noted t h a t a l l of the samples were taken d i r ­
e c t l y from the c u l t u r e where they were in a s t a t e of growth. 
In the t r a n s f e r to the t e s t tubes t h i s growth was u n d i s ­
turbed . There fore , in t h i s c a s e the t ime measured i s not 
d i r e c t l y proport iona l t o the number of organisms p r e s e n t . 
Observance of the c o l o r change in the a c i d product ion 
medium p o i n t e d out advantages in i t s u s e . The medium when 
prepared i s a deep green c o l o r . When a tube i s i n o c u l a t e d 
t h i s c o l o r i s d i l u t e d accord ing to the volume of the inocu-
l a n t , but not changed a p p r e c i a b l y in hue. As the c o l o r 
change b e g i n s a s l i g h t amount of y e l l o w may be observed t o 
be a lmost superimposed upon the g r e e n . As the c o l o r change 
p r o g r e s s e s the combinat ion of green and y e l l o w produces a 
straw c o l o r . Further p r o g r e s s i o n of the c o l o r change r e s u l t s 
in a predominate y e l l o w c o l o r wi th o n l y a s l i g h t amount of 
g r e e n . End of the c o l o r change occurs when the tube i s a l l 
y e l l o w . This p r o g r e s s i o n of c o l o r change was l a t e r found t o 
r e q u i r e approx imate ly one hour, r e g a r d l e s s of the number of 
b a c t e r i a in the i n o c u l a t i n g sample . Moreover, w i t h i n one 
hour a f t e r the end of the c o l o r change, the p r e c i p i t a t e which 
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has formed a t the bot tom of t h e tube r i s e s t o t h e s u r f a c e 
of t h e l i q u i d in t h e t u b e - The f a c t s , t h a t t h i s c o l o r change 
i s p r o g r e s s i v e , t h a t i t r e q u i r e s an e s t i m a b l e l e n g t h of t i m e , 
and t h a t t h e c o l o r s g r e e n and y e l l o w a r e e a s i l y d i s t i n g u i s h ­
a b l e by t h e human e y e p r o v e d o f g r e a t a d v a n t a g e i n t h e l a t e r 
use of t h e a c i d p r o d u c t i o n medium. 
A f t e r p r e p a r a t i o n of a new l o t o f e a c h medium a s e c ­
ond t e s t of t h e m i l k medium was made. T h i s t i m e t h e pH 
meter was c o r r e c t l y c a l i b r a t e d . The m i l k medium d i d not 
c u r d l e upon s t e r i l i z a t i o n . P e r f o r m a n c e was t h e same, how­
e v e r . The change o f c o l o r t h a t o c c u r r e d was i n d e f i n i t e . 
As p r e p a r e d , t h e m i l k medium t u b e s a r e a b l u e c o l o r . 
When t h i s medium tube i s i n o c u l a t e d t h e d i l u t i o n r e s u l t s in 
a l i g h t e r shade of b l u e . The c o l o r change t h a t o c c u r s i s 
a b l e a c h i n g o f b l u e t o w h i t e . S l i g h t shades o f b l u e s u p e r ­
imposed upon w h i t e a r e not r e a d i l y d i s t i n g u i s h a b l e by t h e 
human e y e . B e c a u s e i t a p p e a r e d t h a t r e s u l t s o b t a i n e d w i t h 
t h e m i l k medium c o u l d be q u e s t i o n a b l e , i t was d e c i d e d t h a t 
t h e a c i d p r o d u c t i o n medium wou ld be used e x c l u s i v e l y . 
One f u r t h e r t e s t was deemed n e c e s s a r y b e f o r e t h e r e 
was a s s u r a n c e t h a t t h e a c i d p r o d u c t i o n medium wou ld p r o v i d e 
t h e i n f o r m a t i o n d e s i r e d in t h e p roposed e x p e r i m e n t w i t h c a r ­
bon d i o x i d e . I t i s known t h a t c a r b o n d i o x i d e in t h e p r e s e n c e 
o f w a t e r forms c a r b o n i c a c i d . Could t h i s by i t s e l f c a u s e a 
f a l s e c o l o r c h a n g e ? When a smal l p i e c e o f d r y i c e was p l a c e d 
in a t u b e of medium t h e c o l o r changed i m m e d i a t e l y . 
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I n o r d e r t o c h e c k t h i s a c t i o n on s h r i m p , two pounds 
o f shr imp w e r e p l a c e d in a meta l box w i t h w a t e r i c e in a 
manner s i m i l a r t o commerc ia l s t o r a g e . Smal l amounts of d r y 
i c e were p l a c e d a t t h e top o f t h e box f o r about 2k h o u r s so 
t h a t t h e r e wou ld be a c a r b o n d i o x i d e a tmosphere in the box 
and s u r r o u n d i n g t h e s h r i m p . Two hundred m l . of d i s t i l l e d , 
d e i o n i z e d w a t e r were p l a c e d i n e a c h of two m i l k b o t t l e s . 
These w e r e p l u g g e d w i t h cotton and s t e r i l i z e d in an a u t o ­
c l a v e . Two samples o f s i x shr imp e a c h were t a k e n f rom t h e 
box and p l a c e d s e p a r a t e l y in t h e m i l k b o t t l e s . The b o t t l e s 
w e r e then shaken f o r two m i n u t e s . One b o t t l e was h e l d in 
t h e l e f t h a n d , t h e o t h e r in t h e r i g h t , in o r d e r t h a t t h e 
d e g r e e o f a g i t a t i o n be t h e same. In t h i s manner t h e shr imp 
of each sample w e r e t h o r o u g h l y w a s h e d . An i n o c u l a n t of f i v e 
m l . o f t h e wash w a t e r was p l a c e d i n e a c h o f t h r e e t u b e s of 
t h e p r e v i o u s l y p r e p a r e d medium. These t u b e s w e r e shaken t o 
mix t h e medium and t h e i n o c u l a n t and then p l a c e d in t h e w a t e r 
b a t h i n c u b a t o r . Time of i n o c u l a t i o n was r e c o r d e d a s t h e 
b e g i n n i n g o f t h e p e r i o d r e q u i r e d f o r c o l o r c h a n g e . 
The wash w a t e r in t h e second m i l k b o t t l e was a e r a t e d 
f o r t w e n t y m i n u t e s . A i r was f i r s t b u b b l e d th rough a s o l u ­
t i o n o f p o t a s s i u m h y d r o x i d e , then p a s s e d t h r o u g h a wad o f 
c o t t o n and i n t o t h e wash w a t e r in the m i l k b o t t l e . The p o t ­
a s s i u m h y d r o x i d e was used t o remove t r a c e s of c a r b o n d i o x i d e 
f rom t h e a i r . The c o t t o n was used a s a f i l t e r t o p r e v e n t a i r ­
b o r n e b a c t e r i a f rom e n t e r i n g t h e wash w a t e r . T h i s a e r a t i o n 
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was an at tempt a t removal from the wash water of any carbon 
d i o x i d e tha t had been c a r r i e d i n t o the milk b o t t l e wi th the 
shrimp sample. 
Af ter a e r a t i o n , an i n o c u l a n t of f i v e ml. of the wash 
water was p laced in each of t h r e e tubes of medium, as b e f o r e . 
The tubes c o n t a i n i n g the non-aera ted sample required 430 
minutes for the c o l o r change. Those c o n t a i n i n g the aera ted 
sample required 423 m i n u t e s . Because of the c l o s e n e s s of 
t h e s e t imes i t was hoped tha t there would be l i t t l e d i f f i c u l ­
ty caused by the carry over of absorbed g a s . At any r a t e i t 
was apparent tha t the b a c t e r i a l a c t i o n in the t e s t tubes was 
of s u f f i c i e n t magnitude to overshadow a r e l a t i v e l y minor 
cond i t i on. 
A d u p l i c a t e t e s t was made c o n c u r r e n t l y wi th tha t d e s ­
c r i b e d above . All the c o n d i t i o n s d e s c r i b e d were the same e x ­
c e p t a volume of 100 ml. of wash water was used . In t h i s 
t e s t the non-aera ted sample required 377 minutes for the 
c o l o r change w h i l e the a e r a t e d sample required 355 m i n u t e s . 
The d i f f e r e n c e in the t imes recorded for t h i s t e s t and the 
one above was caused by the d i f f e r e n c e in the volume of wash 
water used . I t was thought tha t a sample of s i x shrimp wash­
ed with 200 ml. of water was more adequate . 
It i s recommended by Novak, F i eger and B a i l e y (29) 
tha t 40 grams of shrimp be d i l u t e d wi th 200 ml. of s t e r i l e , 
pure water and p u l v e r i z e d for two minutes in a Waring Blendor 
in the p r e p a r a t i o n of a sample. A sample of s i x shrimp 
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u s u a l l y w e i g h s 80 o r more grams. The s i z e o f t h e sample and 
t h e method of p r e p a r a t i o n w e r e changed in o r d e r t h a t the 
t e s t be more s u i t a b l e f o r f i e l d u s e . The use of i n d i v i d u a l 
c o n t a i n e r s of s t e r i l e w a t e r and s i m p l e a g i t a t i o n have many 
p r a c t i c a l a d v a n t a g e s o v e r t h e s t e r i l i z a t i o n and use of W a r ­
ing B l e n d o r j a r s . A l a r g e volume of s t e r i l e , p u r e w a t e r 
wou ld be d i f f i c u l t to m a i n t a i n under f i e l d c o n d i t i o n s . The 
d a i l y c l e a n s i n g and s t e r i l i z a t i o n o f W a r i n g B l e n d o r j a r s 
c o u l d be p r o h i b i t i v e l y i n v o l v e d i f a t t e m p t e d o u t s i d e t h e 
l a b o r a t o r y . S i n c e i t i s known t h a t a l a r g e p a r t o f t h e b a c ­
t e r i a a s s o c i a t e d w i t h s p o i l a g e a r e found on t h e o u t s i d e s u r ­
f a c e s and in t h e d i g e s t i v e t r a c t o f shr imp and f i s h ( 3 0 ) , i t 
was t h o u g h t t h a t s i m p l e w a s h i n g of sample shr imp would be 
s u f f i c i e n t . I n a communica t ion w i t h D r . F i e g e r i t was found 
t h a t t h e p r o c e d u r e he recommended was not s t a n d a r d i z e d . F u r ­
t h e r m o r e , i t was r e a s o n e d t h a t s i m p l e w a s h i n g o f samples 
wou ld e l i m i n a t e t h e p l a c i n g o f n u t r i e n t p o r t i o n s of shr imp 
i n t h e t u b e s o f medium and p r e v e n t a v a r i a t i o n in t h e amount 
o f n u t r i e n t s a v a i l a b l e d u r i n g i n c u b a t i o n . T h e r e f o r e , i t was 
d e c i d e d t h a t 200 m l . of d i s t i l l e d , d e i o n i z e d w a t e r c o u l d be 
pu t i n t o e a c h o f a number o f s t a n d a r d home c a n n i n g j a r s and 
t h e j a r s s e a l e d and s t e r i l i z e d in t h e l a b o r a t o r y . These j a r s 
of w a t e r c o u l d then be used as t h e y w e r e n e e d e d . T h u s , a 
d e g r e e of u n i f o r m i t y and r e l i a b i l i t y c o u l d be added to t h e 
p roposed e x p e r i m e n t . 
C a l i b r a t i o n o f M e d i u m . - - O n c e i t was d e c i d e d t h a t t h e a c i d 
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p r o d u c t i o n medium c o u l d be used in t h e p roposed e x p e r i m e n t , 
i t was n e c e s s a r y to p r o v i d e a means of i n t e r p r e t i n g da ta 
o b t a i n e d th rough i t s u s e . In t h e i r p r o p o s a l of t h e use of 
t h i s medium Novak, F i e g e r and B a i l e y r e l a t e t h e i r d a t a to 
a s p e c i f i c number o f o r g a n i s m s per gram of s h r i m p . S i n c e 
t h e t e s t p r o c e d u r e was a l t e r e d in such a way t h a t t h e w e i g h t 
of t h e shr imp sample c o u l d v a r y , t h e p u b l i s h e d d a t a c o u l d not 
be used w i t h a g r e a t d e g r e e of c o n f i d e n c e . i t was a l s o f e l t 
t h a t t h e medium s h o u l d be c a l i b r a t e d in such a way t h a t the 
c a l i b r a t i o n c o u l d be r e p r o d u c e d in a l a b o r a t o r y . For t h i s 
r e a s o n t h e s t a n d a r d E. c o l i c u l t u r e m e n t i o n e d p r e v i o u s l y was 
used in c a l i b r a t i o n o f t h e a c i d p r o d u c t i o n medium. 
F i v e samples w e r e p r e p a r e d f rom t h e c o l i c u l t u r e f o r 
t h e c a l i b r a t i o n t e s t . Sample 1 c o n s i s t e d of t en m l . o f 
c u l t u r e d i l u t e d in 100 m l . o f s t e r i l e , d i s t i l l e d , d e i o n i z e d 
w a t e r . S u c c e e d i n g samples w e r e s i m i l a r l y 0 .1 d i l u t i o n s of 
t h e p r e c e d i n g s a m p l e . An i n o c u l a n t of f i v e m l . of Sample 
1 was p l a c e d in e a c h of t h r e e t u b e s of medium. T h i s was 
r e p e a t e d f o r each o f t h e r e m a i n i n g s a m p l e s . The t i m e s r e ­
q u i r e d f o r c o l o r change w e r e r e c o r d e d and a r e p r e s e n t e d in 
T a b l e 1 . A l l t h r e e t u b e s of e a c h s e t changed c o l o r c o n ­
c u r r e n t l y . A f t e r t h e t u b e s w e r e i n o c u l a t e d , s t a n d a r d b a c ­
t e r i o l o g i c a l p l a t e s w e r e made f rom Samples 1 , 3 and 5- These 
p l a t e s w e r e a l s o made in t r i p l i c a t e s e t s . The a c t u a l c o u n t s 
p r e s e n t e d in T a b l e 1 a r e t h e a v e r a g e o f t h e c o u n t s r e c o r d e d 
f o r t h e t h r e e p l a t e s in each s e t . 
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P l a t e Count 
in Number 
of Organisms 
per Mi 11 i1 i t e r 
Average 
P l a t e Count 
Assumed for 
Purposes of 
Ca1i brat i on 
in Number 
of Organi sms 
per Mi 11 i1 i t er 
1 163 6 . 2 x 1 0 7 5 . 0 x 1 0 7 
2 206 - 5 . 0 x 1 0 6 
321 5 -0 x 1 0 5 5 . 0 x 1 0 5 
4 380 - 5 . 0 x 102* 
5 450 4 . 2 x 1 0 3 5 . 0 x 1 0 3 
S i x month 
count of 
average 
c u l t u r e 4 . 4 x 1 0 8 
3 4 
It was evident that the acid production medium gave 
an essentialy linear response over a wide range of numbers 
of organisms. In order to define a reference line for the 
later conversion of time for color change into numbers of 
organisms, the average counts found in the right hand column 
of Table 1 were assumed. These points are ploted in Fugure 
4. The conversion line was drawn using the plots for Samples 
1 and 5. For comparison the doted line in Figure 4 is 
included. It is a line drawn through and extrapolated from 
the data published by Novak, Fieger and Bailey (29). 
Definition of Test Procedure.-Once experience had been gain­
ed with the preceding tests and the medium calibrated, a data 
sheet could be prepared and the daily testing procedure de­
fined. A sample data sheet is included as Figure 5. A suf­
ficient quantiy of this data sheet was reproduced for use 
in the later experimentation. Most of the items included in 
the data sheet are self explanatory. The format is such 
that entries could be made as the daily test procedure was 
fol1 owed. 
A step by step listing of the daily test procedure is 
found below: 
1. Note the temperatures in and near the test boxes. 
2. Observe the conditon of the water drains. If 
clogged, clean out. 
3 . Check the flow of gas into the test box. Record 
the pressure reading. Observe this throughout the day. 
F i g u r e k . Medium R e s p o n s e C u r v e s 
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DATA SHEET 





/ TEST NO. 
NEAR BOXES (°F) 7f 
SHEET 
WET, ?F DRY, TIME M 
STORAGE BOX READINGS- CONTROL 
1. TEMPERATURE (°F) MAX_ZZ.,MIN^?/£VGZ£_ 
TIME ABOVE TAKEN ££MM. *Z*£3M 
2. WATER DRAIN CONDITION ^ € £ - , 
3. PRESSURE (INCHES WATER) ? J z l U P P E R t . ? & LOWER, _ 
WATER BATH READINGS 1 . . 
4. TIME TUBES IN BATH FOR PREWARMING €MAto. 
5. TEMPERATURE (°F) MAX_f£,£^f.M. M I N . J L L , . M , 
M A X 2 ^ ^ N £ ! ? ; A V G ^ 1 
.DIFFERENCE 
AVG. 7-T 
SAMPLE EADINGS: (S MPLE CONSISTS OF 6 SHRIMP TAKEN FROM CENTER SHRIMP IN BOX, PLACED IN WASH JAR WITH 200ML. STERILE WATER AND SHAKEN FOR 2 MINUTES. 5ML. WASH WATER IS PLACED IN TUBE OF MEDIA. ) 
OF 
6. TIME TAKEN FROM BOX 7. VISUAL CONDITION 8. CENTER OF SHRIMP (INCHE 9. WEIGHT OF SHRIMP (QMS.) 
10. TUBE BATH LOCATION 
11. TIME IN BATH A-M 
l£ COLOR CHANGE BEGINS 
13. CHANGE CONTINUES 
14. CHANGE CONTINUES 
15. COLOR CHANGE ENDED JL.M 
16. TOTAL MINUTES FOR CHANGE 
17. COUNT PER ML. (COLD 




.TEST ^i^A M 
QMpOT%M) ^ 








Figure 5. Sample Data Sheet 
37 
4. place six tubes of medium in the water bath at 
least 15 minutes prior to removal of shrimp from the boxes. 
This prevents a variation in the initial temperature of the 
medium from day to day. 
5- Periodica)})/ observe the temperature of the water 
bath to make sure it is constant. This prevents variation 
in the incubation temperature from day to day. 
6. Obtain the jars of sterile water marked for use 
thi s day. 
7. Place the one marked, "T" on the test box. 
8. Loosen the cap of the jar marked, "C" and place 
it on top of the control box. 
9. Open the control box. 
10. Observe the height of the mas  of shrimp and 
ice in the box. 
11. Remove six shrimp from the approximate center 
of thi s mass. 
12. Place the shrimp in the water jar marked, "C". 
13- Tighten the cap and place the jar on top of the 
control box. 
14. Close the control box. 
15. Loosen the cap of the jar marked, nT". 
16. Open the test box and remove six shrimp in the 
same manner as for the control sample. Place these in the 
jar marked,"T". 
17. Close the test box and record the time the samples 
were taken. 
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18. Note the v i s u a l c o n d i t i o n of the samples . Ob­
servance of an unusual c o n d i t i o n might r e q u i r e cooking and 
t a s t i n g of the samples . 
19. Note the h e i g h t of the c e n t e r of the shrimp in 
each box. If t h i s f a l l s below 18 inches the r e - i c i n g pro­
cedure i s to be f o l l o w e d . 
20 . Shake the j a r s c o n t a i n i n g the shrimp samples for 
two m i n u t e s , ho ld ing the contro l sample in the l e f t hand and 
the t e s t sample in the r i g h t hand, and moving the forearms 
t o g e t h e r in an up-down mot ion . 
2 1 . Remove the wrappings from the top of the s i x 
tubes of medium in the water bath and open a package of 
s t e r i1e p i p e t t e s . 
2 2 . Draw f i v e ml. of the wash water in the contro l j a r 
i n t o a s t e r i l e p i p e t t e . 
2 3 . Remove the c o t t o n plug from the tube of medium at 
l o c a t i o n 2 in the water bath and i n o c u l a t e t h i s tube with the 
wash water in the p i p e t t e . Replace the c o t t o n . 
Ik. Using the same p i p e t t e and method i n o c u l a t e the 
tubes a t l o c a t i o n s 3 and k wi th wash water from the contro l 
j a r . 
2 5 . Record the time of i n o c u l a t i o n as item 11 on the 
data s h e e t . 
26. Draw f i v e ml. of the wash water in the t e s t j a r 
i n t o a second s t e r i l e p i p e t t e . 
27. Remove the c o t t o n plug from the tube of medium a t 
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l o c a t i o n 5 and i n o c u l a t e t h i s t u b e w i t h t h e wash w a t e r in 
t h e p i p e t t e . R e p l a c e t h e c o t t o n . 
2 8 . U s i n g t h e same p i p e t t e and method i n o c u l a t e t h e 
t u b e s a t l o c a t i o n s 6 and 7 w i t h wash w a t e r from t h e t e s t j a r . 
2 9 . Record t h e t i m e o f i n o c u l a t i o n a s i t e m 11 on t h e 
d a t a s h e e t . 
3 0 . Remove t h e t u b e s from t h e w a t e r b a t h two a t a 
t i m e and s h a k e t o mix t h e medium and i n o c u l a n t . R e p l a c e in 
t h e same b a t h l o c a t i o n s . 
3 1 . Weigh t h e s a m p l e s and r e c o r d t h i s a s i t em 9 on t h e 
d a t a s h e e t . 
3 2 . P e r i o d i c a l l y o b s e r v e t h e c o l o r o f t h e t u b e s in t h e 
b a t h . Compare t h e i r c o l o r w i t h t h a t o f t h e g r e e n s t a n d a r d . 
When a y e l l o w c o l o r i s n o t e d in o n e o f t h e t u b e s r e c o r d t h e 
t i m e a s i t e m 12 on t h e d a t a s h e e t . 
3 3 . Record i t e m 13 when y e l l o w and g r e e n a r e a b o u t 
e q u a l in one o f t h e t u b e s , 
3 4 . A f t e r i t em 13 h a s been r e c o r d e d f o r a t u b e com­
p a r e i t s c o l o r w i t h t h a t o f t h e y e l l o w s t a n d a r d . Record i t e m 
\k when t h e r e i s o n l y a s l i g h t amount o f g r e e n l e f t in a t u b e , 
3 5 . Record i t em 15 when t h e c o l o r in a t u b e i s e q u a l 
t o t h a t o f t h e y e l l o w s t a n d a r d . 
3 6 . Record i t em 16 a s t h e d i f f e r e n c e in t i m e o f i t e m s 
11 and 15-
3 7 . Make n o t e o f any c i r c u m s t a n c e w h i c h h a s n o t been 
m e n t i o n e d a s i t e m 19-
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In the development of this procedure care was taken to in­
sure that there would be a uniformity of results, since con­
tamination or a variation in temperature could cause error. 
Much consideration was also given to the human element and 
because of this it was felt that it was necessary that the 
color change be observed and recorded through comparison with 
definite color standards. 
Preparation of Medium and Wash Water.-The final step taken 
to insure a uniformity of results, insofar as the measure of 
spoilage is concerned, was the preparation of sufficient 
quantiies of tubes of medium and jars of wash water for the 
entire testing period. It was estimated that two tests of 
30 days each might be required. Therefore, 120 pint wide 
mouth mason canning jars were obtained for the wash water 
and three gross of 19 x 150 mm. test tubes were obtained for 
the medium. Suficient pipetes were not available because 
of their cost and it was planned that they could be sterilized 
in the oven of a kitchen stove. 
Al the jars, caps and tubes were washed in hot water 
containing detergent using a sponge and test tube brush to 
scrub the inside surfaces. They were rinsed a minmum of 
eight times with hot free flowing tap water. They were rins­
ed once again with distiled water on the day preceding the 
actual filling and alowed to drain dry in an upside down 
position. Thus, all containers were uniformly clean prior 
to f i11 i ng. 
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On J u n e 2 , 200 m l . o f d i s t i l l e d d e i o n i z e d w a t e r was 
p l a c e d in e a c h w a t e r j a r . As e a c h j a r was f i l l e d i t was c a p ­
ped and a r e t a i n e r r i n g s c r e w e d on l o o s e l y . A l l o f the 
w a t e r used came f rom t h e same s o u r c e . The j a r s w e r e s t e r i -
1 i z e d in an a u t o c l a v e in t h r e e l o t s of f o r t y j a r s e a c h . E a c h 
l o t was a l l o w e d to remain in t h e a u t o c l a v e a t p r e s s u r e f o r 
t h i r t y m i n u t e s . As t h e j a r s began to coo l upon removal f rom 
t h e a u t o c l a v e , t h e c a p on e a c h was d e p r e s s e d inward w i t h an 
a u d i b l e c l i c k . A f t e r t h i s i n d i c a t i o n of a d e q u a t e s e a l i n g 
was o b s e r v e d t h e r e t a i n e r r i n g on e a c h j a r was t i g h t e n e d 
and t h e j a r p l a c e d in t h e o r i g i n a l c a r d b o a r d c a s e . 
On t h e day p r e c e d i n g t h e a c t u a l f i l l i n g o f t h e t e s t 
t u b e s , t h e d r y i n g r e d i e n t s f o r t h e medium w e r e measured a c ­
c o r d i n g t o t h e f o r m u l a shown in t h e a p p e n d i x . T h i s f o r m u l a 
i s t h a t f o r t h e a c i d p r o d u c t i o n medium d e v e l o p e d and p u b l i s h ­
ed by Novak , F i e g e r and B e i l e y ( 2 9 ) m u l t i p l i e d by a f a c t o r of 
22 t o g i v e t h e volume d e s i r e d . On J u n e 2 a t about n i n e a . m . 
t h e l i q u i d i n g r e d i e n t s o f t h i s f o r m u l a w e r e measured and a d d ­
ed to t h e d r y i n g r e d i e n t s . One l a r g e c o n t a i n e r was used in 
t h e m i x i n g . The c o l o r i n d i c a t o r , bromthymol b l u e , r e q u i r e d 
a l m o s t two and one h a l f h o u r s t o d i s s o l v e e v e n w i t h t h e c a r e ­
f u l a p p l i c a t i o n of h e a t . Once t h i s was d i s s o l v e d t h e medium 
was a deep c l e a r g reen c o l o r , t h e same a s t h e second l o t 
mixed f o r t h e p r e l i m i n a r y t e s t s . The pH of the medium was 
a d j u s t e d t o 1 A a s s p e c i f i e d . The c a l i b r a t i o n o f t h e pH 
meter was c a r e f u l l y c h e c k e d on t h e day p r e c e d i n g and a g a i n 
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j u s t p r i o r to i t s u s e . Into each of 432 t e s t t u b e s , f i v e ml. 
of the medium were measured u s i n g an automat ic b u r e t t e . As 
each tube was f i l l e d the top was plugged wi th a wad of c o t t o n 
and wrapped wi th a t h r e e inch square of k r a f t paper, he ld in 
p l a c e wi th a rubber band. The tubes of medium were s t e r i l i z ­
ed in two l o t s a t 1:00 p.m. and 2 : 1 5 p.m. For s t e r i l i z a t i o n 
they were p laced in the a u t o c l a v e and remained a t p r e s s u r e 
for f i f t e e n m i n u t e s . Af ter the tubes had c o o l e d , the top of 
each was wrapped wi th a s i x inch square of p o l y e t h y l e n e 
s h e e t , he ld in p l a c e wi th a rubber band. This was done t o 
prevent e v a p o r a t i o n of the medium in the tubes during s t o r ­
age as had happened with p r e v i o u s l y prepared t u b e s . 
Color s tandard tubes were a l s o prepared. S ix green 
standard tubes were made by d i l u t i n g tubes of f i v e ml. of 
medium with f i v e ml. of d i s t i l l e d d e i o n i z e d w a t e r . S ix y e l ­
low standard tubes were made by f i r s t a d j u s t i n g the pH of a 
small q u a n t i t y of medium t o 6 .0 , p l a c i n g f i v e ml. of t h i s in 
each tube and d i l u t i n g i t wi th f i v e ml. of d i s t i l l e d d e i o n ­
i zed w a t e r . These c o l o r standard tubes were capped and 
s t e r i l i z e d in the same manner and along wi th the o t h e r s . 
The f a c i l i t i e s of the B a c t e r i o l o g i c a l Laboratory of the 
Georgia Tech Engineer ing Experiment S t a t i o n were used in the 
above p r e p a r a t i o n s . 
For t r a n s p o r t a t i o n t o B r o w n s v i l l e , Texas , where the 
e x p e r i m e n t a t i o n was performed, the c a s e s of water j a r s were 
wrapped wi th k r a f t paper. The tubes of medium were p laced 
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in three cardboard boxes. On the top and bottom of the boxes 
was placed a bed of shredded paper. Between each tube was 
placed a paper towel. Each box of tubes was wrapped with 
kraft paper and carefully marked to prevent tipping of the 
contents, wetting of the cotton plugs and spoilage of the 
medium. Along with the tubes of medium the color standard 
tubes were packed. Also, eighteen tubes of medium from the 
lot mixed for, and used in, the calibration test were pro­
tected with polyethylene and packaged with the others. 
In addition to the tubes of medium and water jars, 
ten five ml. pipettes were rinsed with distilled water, 
wrapped with kraft paper in packages of two, and sterilized 
in the autoclave for anticipated use during the first few 
days of testing while at sea on a shrimp boat. This com­
pleted the laboratory preparations. What remained to be 
done was the construction of storage boxes and the testing 
of shrimp stored under simulated commercial conditions. 
4 4 
CHAPTER I I I 
SIMULATED COMMERCIAL STORAGE OF SHRIMP 
S t o r a g e Boxes and Equipment Used in T e s t . - - T h e s t o r a g e boxes 
used in t h i s t e s t w e r e d e s i g n e d t o a p p r o x i m a t e t h e c o n d i ­
t i o n s in a s i d e compartment of t h e h o l d of a shr imp b o a t . I t 
i s in t h e s i d e compartments t h a t shr imp a r e u s u a l l y s t o r e d 
f o r t h e l o n g e s t p e r i o d s o f t i m e . The a p p r o x i m a t e d i m e n s i o n s 
of one o f t h e s e compar tments a r e f o u r f e e t w i d t h , f i v e f e e t 
d e p t h and s i x f e e t h e i g h t . The shape i s not c o m p l e t e l y 
r e c t a n g u l a r s i n c e one edge f o l l o w s t h e c o n t o u r o f t h e boat 
h u l l , but any h o r i z o n t a l c r o s s s e c t i o n i s e s s e n t i a l l y a 
r e c t a n g l e . I t was thought t h a t a r e c t a n g u l a r box a p p r o x i ­
m a t e l y two f e e t w i d e , two f e e t deep and f o u r f e e t h i g h c o u l d 
be used t o d u p l i c a t e t h e e s s e n t i a l c o n d i t i o n s of s t o r a g e . 
A box of l a r g e r s i z e wou ld h a v e been w a s t e f u l of shr imp and 
c o n s t r u c t i o n m a t e r i a l s ; w h i l e a box of s m a l l e r s i z e might 
not have p r o v i d e d t h e c r u s h i n g e f f e c t of a l a r g e mass of 
shr imp and i c e . 
The two s t o r a g e boxes w e r e c o n s t r u c t e d c o n c u r r e n t l y . 
The s u r f a c e s , e x c e p t f o r t h e f r o n t , of e a c h box were c u t 
f rom a s i n g l e 4 by 8 f e e t s h e e t of 3 / 4 i nch m a r i n e f i r p l y ­
wood. F a b r i c a t i o n was such t h a t the i n s i d e d i m e n s i o n s w e r e : 
2 3 i i n c h e s d e e p , 2 2 ^ i n c h e s w i d e , 48 i n c h e s h i g h . Weldwood 
w a t e r p r o o f g l u e was used a t a l l j o i n t s . In addition, J £ x 10 
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wood screws were spaced about four inches apart a long a l l 
edges to insure a cont inuous b inding of the g l u e . A system 
of inner p a r t i t i o n s was b u i l t from 1 x 6 inch lumber i n s i d e 
the f r o n t edge of each box t o f a c i l i t a t e l o a d i n g . The 
f r o n t door of each box was made of 3 /16 inch tempered mason-
i t e s t i f f e n e d wi th 1 x 3 inch lumber. Before the doors were 
hinged a l l s u r f a c e s of each box were p a i n t e d wi th two c o a t s 
of w h i t e marine deck enamel of the same type used in the 
h o l d s of shrimp b o a t s . A foam rubber gaske t was f i t t e d a long 
the f r o n t edge of each box a f t e r p a i n t i n g . With the g a s k e t 
in p l a c e , the door on each box was hinged so the gasket was 
compressed as i t was c l o s e d . A hasp was s i m i l a r l y i n s t a l l ­
ed so the remaining p o r t i o n of the g a s k e t was compressed as 
the box was l o c k e d . The use of the gaske t t o g e t h e r wi th the 
g lued j o i n t s produced a n e a r l y a i r t i g h t box. Hooks were add­
ed t o the door of the t e s t box to prevent warpage and e x c e s ­
s i v e l eakage of g a s . The c o n s t r u c t e d boxes may be seen in 
Fi gure 6 . 
Three i d e n t i c a l f i t t i n g s were i n s t a l l e d on each box. 
The f i r s t was a f l o a t v a l v e water drain which c o n s i s t e d of 
a two inch l eng th of two inch diameter tubing a t t a c h e d to 
the bottom of the box beneath a two inch h o l e d r i l l e d f i v e 
inches away from the f r o n t r i g h t hand c o r n e r . The bottom 
end of the tubing was covered wi th a p i e c e of p l e x i g l a s 
^These p a r t i t i o n s are s i m i l a r in c o n s t r u c t i o n to a c ­
tual boat compartment p a r t i t i o n s and may be seen in F igure 19. 
F i g u r e 6 . S t o r a g e Boxes and Equipment Used i n T e s t One 
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having a £ inch hole in its center. A ping-pong bal was 
placed inside the tubing to act as a valve which would open 
to alow drainage of water as it colected. The second fit­
ting was a thermometer wel, located in the center of the 
top of the box. It was made from i inch pipe fittings and 
alowed the end of a thermometer to extend three inches in­
to the box. The thermometer wel was sealed to prevent leak 
age of gas. The third fitting was a | inch vent hole drill­
ed three inches to the right of the thermometer wel. In 
the control box this alowed the free flow of air into the 
box as ice melted and drained. In the test box this hole 
was used for the introduction of the carbon dioxide atmos­
phere. 
As may be seen in Figure 6, 50 pound cylinders of car 
bon dioxide were used as a source of gas. These and a pres­
sure regulator were obtained from commercial sources. They 
are of the same type found and used in drug store soda foun­
tains for the carbonation of water. Also seen in Figure 6 
is a manometr atached to the right hand side of the test 
box. This was connected through a "T" fitting to the car­
bon dioxide line as it entered the test box. Pressure read­
ings of gas entering the test box were taken with this mano­
meter. The coil of i inch copper tubing seen in Figure 6 
was used in order that carbon dioxide entering the test box 
would be the same temperature as air entering the control 
box. |n the original instalation gas was alowed to flow 
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from the cylinder into the regulator, where the pressure was 
reduced to approximately £ inch of water. From the regula­
tor, gas flowed through the coil and into the test box. On 
the sixth day of testing this instalation was changed to 
that shown in Figure 6. There the gas flowed from the cyl­
inder to the regulator where it absorbed heat from the light 
bulb and was reduced in pressure to 20 pounds per square 
inch. Next the gas flowed through the coil and a needle 
valve used to stop the flow when samples were taken; then 
through a second needle valve, where the pressure was reduc­
ed to £ inch of water, and into the test box. These changes 
were made in order that the flow of gas into the test box 
would be constant at a very low rate. Pressure was reduced 
in an atempt to conserve gas, as would have been the case in 
commercial practice. 
With the use of this equipment it is believed that the 
desired conditons were obtained. Conditons within the con­
trol box closely simulated those found commercialy. Con­
ditions within the test box were identical to those of the 
control box except for the change of atmosphere. Moreover, 
the equipment used in the change of atmosphere within the 
test box could be used in commercial practice. 
Storage Procedure and Data Qbtained.-On July 5 the boat, 
Little Man, returned to the port of Brownsvile, Texas. 
Arangements had been made for the first phases of the test 
to be made on this boat. Al equipment had been checked 
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through a simulation of the daily test procedure. During the 
morning of July 6 the storage boxes and other equipment were 
put aboard the Little Man. The test box was located on deck 
at the rear starboard corner of the cabin. A cylinder of 
carbon dioxide was tied to the starboard pin rail a few feet 
from the test box. The copper tubing was installed between 
the cylinder and the test box and the flow of gas checked. 
The control box was placed on deck on the starboard side of 
the cabin just forward of the test box. The water bath incu­
bator was fastened to a shelf in the captain's cabin. An 
inverter was connected to the boat electrical system to pro­
vide power for the incubator. Operation of the incubator 
proved satisfactory. Water jars, packages of sterile pipettes 
and tubes of medium sufficient for ten days of testing were 
placed near the incubator. By about 3:00 p.m. that afternoon 
fuel, ice, water and food had been stored and the voyage 
begun. 
At 6:30 p.m. July 6 the Little Man was located sev­
eral miles north of the mouth of the Rio Grande River in 
about 16£ fathoms of water. The main net was put overboard 
and trawling continued at approximately the same depth for 
six hours. At 1 2 : 3 0 a.m. the net was emptied and trawling 
resumed. Trash was cleared from the shrimp on deck and head­
ing begun. Midway in this operation six shrimp were picked 
at random from those that had been headed. These were placed 
in a jar of sterile water and shaken for two minutes. Three 
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tubes of medium were inoculated and placed in the incubator 
according to the testing procedure. This constiuted Sam­
ple 1 . 
After heading was completed the entire lot of fresh­
ly caught shrimp was divided evenly into two baskets and 
washed with sea water. Each of these baskets was estimated 
to contain kS pounds of headless shrimp. Crushed ice was 
brought up from the hold and placed in the test box along 
with the shrimp in one of the baskets. This was accomplish­
ed in the manner of commercial practice for storage of shrimp 
in the hold. Once the test box was filled, an additional 
supply of ice was brought up from the hold and the shrimp in 
the remaining basket placed in the control box in a similar 
manner. Filing of the boxes was completed at about 2:00 
a.m. July 7. The regulator was then adjusted to alow car­
bon dioxide to flow into the test box at an approximate pres­
sure of i inch of water. 
Because sufficient shrimp for the test were caught in 
the first drag of the net and so close to port, it was possi­
ble to return to port that morning and continue the testing 
on shore. The Little Man arrived at the dock at 10:30 a.m. 
By 11:30 a.m. the storage boxes and equipment had been re­
moved from the boat and placed in the fish house of the J. R. 
Hardee Shrimp Company where they are shown in Figure 6 and 
remained throughout the testing period of 21 days. 
On the morning of July 8 Samples 2 were taken according 
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to the daily test procedure. Every morning thereafter, for 
the remainder of the test, this procedure was followed. The 
results of these daily tests are given in Table 2 . Plots 
of these data are shown in Figure 7 for comparison. Conver­
sions of the times are listed in Table 3 . Data from Table 
3 are plotted in Figure 8 for another comparison. Testing 
was discontinued after the third week when both lots of 
shrimp stored had no commercial value. 
Discussion of Results and Qbservations.1n Table 2 the days 
on which re-icing occurred have been noted. It was neces­
sary to add ice to each box when they had first been placed 
in the fish house because of exposure to the sun and the sea 
wind. On the other days indicated in Table 2 , the re-icing 
procedure found in the appendix was followed. 
Also indicated in Table 2 are the days on which a new 
cylinder of gas was connected. On July 1 0 , as Samples k 
were being taken, it was noted that the first cylinder of gas 
used was empty. A new cylinder was connected as a matter of 
routine because this first cylinder had been used to check 
for leaks during the construction of the storage boxes. On 
the next morning, however, the second cylinder was found to 
be exhausted. The third cylinder was connected with some 
question because the flow of gas had been observed until 5 :00 
p.m. the preceding day and found satisfactory. Al connections 
in the copper tubing were checked with soapy water for leaks. 
It was thought that the second cylinder was only partly filled 
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T a b l e 2 . Sample R e c o r d T e s t One 
Sample M i n u t e s R e q u i r e d Boxes Gas 
Number f o r C o l o r Change R e - i c e d C y l i n d e r 
a f t e r Changed 
C o n t r o l T e s t S a m p l i n g 
1 496 - P* 
2 405 4 8 2 
3 463 5 8 9 c** 
V 3 7 4 396 X 
5 3 9 8 381 X 
6 375 3 7 3 P X 
7 305 358 
a 340 3 8 8 
9 325 4 2 4 c 
10 347 501 
1 1 325 428 X 
12 30 U 445 p 
13 295 385 
14 295 355 
15 265 425 c X 
16 3 1 2 440 
(7 280 440 
1 8 295 390 p 
19 270 405 
20 265 395 Empty 
21 250 365 N e c e s s a r y none 
added 
II pu 
" C " 
d e n o t e s p a r t i a l r e - i c i n g , see Append ix 
d e n o t e s c o m p l e t e r e - i c i n g , see Appendix 
Table 3 . B a c t e r i a Count of Samp)es - - Test One 
Sample Coli Conversion F ieger Conversion 
Number Bacter i a Count Bacter i a Count 
in Thousands in Thousands 
per Mi 11i 1 i t e r per Mi 11i 1 i t e r 
Control Test Control Test 
I 1 .1 6 .5 mm 
2 20 1 .8 37 8 . 8 
3 3 . 0 0 .045 12 1 .0 
. 55 60 65 70 
5 25 33 40 50 
3 
55 60 65 70 
; 520 90 250 90 
8 180 26 130 42 
9 280 11 180 25 
10 140 1 .0 120 6 . 0 
11 280 9 . 0 180 23 
12 450 5 . 6 230 17 
13 720 40 300 52 
14 720 4 . 0 300 14 
15 2 ,000 1 1 530 25 
16 430 6 . 8 220 1 9 
17 1 ,200 6 . 8 400 19 
18 720 35 300 50 
19 1 ,700 20 500 37 
20 2 ,000 28 530 45 
21 3 , 2 0 0 78 720 80 
Note: To conver t f i g u r e s to approximate b a c t e r i a count 
per shrimp; m u l t i p l y by 200 m i l l i l i t e r s ( t h e 
volume of wash water used) and d i v i d e by 6 ( t h e 
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when connected until the third cylinder was also found empty 
on the morning of July 12. On that morning it was observed 
that there was foam beneath the drain of the test box and 
there were drops of moisture on the stem of the third cyl­
inder. The wet and dry bulb air temperatures recorded on 
the mornings when a cyl inder was found empty were all be­
tween 78 and 80 degrees Fahrenheit. It was therefore reason­
ed; the regulator was acting as a refrigeration expansion 
valve; during the night when a condition of high humidity 
existed, moisture would condense on and in the regulator 
and freeze; ice forming inside the regulator would push upon 
its diaphram causing a greater flow of gas, which would cause 
more rapid formation of ice and exhaustion of the gas. Based 
upon this theory, a 100 watt light bulb was placed beneath 
the regulator to supply heat for the expansion of the gas and 
a needle valve was placed in the gas line to limit the maxi­
mum flow of gas into the test box. No further difficulty was 
experienced with the regulation of the flow of gas. 
Beginning with control Sample 3 and every control sam­
ple thereafter, black spots were observed to be on the shrimp 
removed from the box. These spots were never observed to 
penetrate into the meat of the shrimp. The spots on the 
control Sample 19 may be seen in Figures 9 and 10. No spots 
were observed on any of the shrimp which had been exposed to 
the carbon dioxide atmosphere. 




was e v i d e n t when the f i s h house was f i r s t opened. This 
odor was more in e v i d e n c e on each succeed ing morning. When 
Samples \k were taken t h i s odor was observed to be in the 
contro l box w h i l e there was no odor in the t e s t box. Control 
Sample 15 was observed to have a s trong odor which was de­
c r e a s e d wi th washing, but the shrimp of t h i s sample were 
s t i l l judged t o be of poor commercial q u a l i t y . Control 
Sample 18 was judged t o be of q u e s t i o n a b l e commercial qua l ­
i t y . The shrimp of contro l Sample 20 had a c o a t i n g of brown 
s l i m e . When used as f i s h i n g b a i t contro l Sample 21 was of 
no v a l u e . 
The r o u t i n e comparison of Samples 13 r e v e a l e d : 
1. black s p o t s on contro l shrimp, none on t e s t . 
2 . c h a r a c t e r i s t i c shrimp odor on contro l shrimp, 
none on t e s t . 
3 . s h e l l of a l l s i x t e s t shrimp s o f t and p l i a b l e 
very much l i k e f r e s h l y molted shrimp, s h e l l of a l l contro l 
shrimp tough, 
4 . meat of contro l shrimp had g l o s s y opaque w h i t e 
c o ) o r a n d t e x t u r e o f u n c o o k e d meat, a l l t e s t shrimp meat 
had appearance of c o t t o n . 
In a l l l a t e r t e s t samples the changes noted were observed 
to be p r o g r e s s i v e l y g r e a t e r . 
Once the d i f f e r e n c e in the shrimp from the two s t o r ­
age boxes was v i s u a l l y apparent , i t was deemed n e c e s s a r y t o 
gain more e v i d e n c e of t h i s d i f f e r e n c e through cooking and 
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t a s t i n g . The shr imp o f Samples \h w e r e p l a c e d s e p a r a t e l y in 
two j a r s of b o i l i n g d i s t i l l e d w a t e r t o w h i c h one l e v e l t e a ­
spoon of t a b l e s a l t had been a d d e d . They w e r e a l l o w e d to 
cook f o r 20 m i n u t e s and then w e r e d r a i n e d , c o o l e d and c h i l l ­
e d . D u r i n g t h e c o o k i n g foam was n o t e d to form on t h e s u r f a c e 
o f t h e w a t e r in the j a r c o n t a i n i n g t h e t e s t s h r i m p . I t was 
a l s o n o t e d t h a t t h e t e s t shr imp f l o a t e d in the w a t e r w h i l e 
t h e c o n t r o l shr imp d i d n o t . F o r t a s t i n g , t h e shr imp of e a c h 
sample were l a i d o u t s e p a r a t e l y on two paper t o w e l s w i t h no 
i d e n t i f i c a t i o n . T h r e e p e r s o n s w e r e s e p a r a t e l y asked to 
c h o o s e one shr imp f rom e a c h t o w e l , examine and t a s t e them. 
A l l t h r e e i d e n t i f i e d t h e t e s t shr imp and were unanimous in 
t h e i t ems of d i f f e r e n c e n o t e d . These w e r e : 
1 . t h e t e s t shr imp was a l l p i n k , i t d i d not h a v e 
t h e o r a n g e t i n t of t h e c o n t r o l s h r i m p . 
2 . t h e meat o f t h e t e s t shr imp was w h i t e and had 
a tough f i b r o u s t e x t u r e v e r y much l i k e c o t t o n . 
3 . t h e t e s t shr imp had l e s s m o i s t u r e than t h e c o n t r o l 
k. t h e t e s t shr imp had v e r y l i t t l e f l a v o r o f any k i n d 
Samples 16 and 18 w e r e a l s o cooked and t a s t e d w i t h equal 
r e s u l t s . 
The photograph w h i c h i s F i g u r e 11 was t a k e n in an a t ­
tempt t o r e c o r d t h e d i f f e r e n c e in t e x t u r e found when t h e c o n ­
t r o l and t e s t shr imp w e r e compared . T h i s d i f f e r e n c e in t h e 
raw shr imp i s a l m o s t too s u b t l e f o r t h e c a m e r a . I n F i g u r e 11 
i t w i l l be no ted t h a t t h e c o n t r o l shr imp s t a n d s out d i s t i n c t l 
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w h e r e a s t h e t e s t shr imp t e n d s t o b l e n d i n t o t h e w h i t e b a c k ­
g r o u n d . The b l a c k a r e a a t t h e end of t h e t e s t shr imp i s 
p a r t of i t s d i g e s t i v e t r a c t , not t h e c o n d i t i o n known a s 
b l a c k s p o t . 
Throughout t h e e n t i r e t e s t p e r i o d t h e d a i l y t e s t p r o ­
c e d u r e d e v e l o p e d in C h a p t e r I I p roduced the d e s i r e d m e a s u r e s . 
A f t e r u s e , p i p e t t e s w e r e r i n s e d in soapy w a t e r , r i n s e d w i t h 
f r e e f l o w i n g tap w a t e r , r i n s e d in c o m m e r c i a l l y d i s t i l l e d 
w a t e r and wrapped in p a c k a g e s of two in k r a f t p a p e r . As 
p l a n n e d , p i p e t t e s w e r e s t e r i l i z e d by p l a c i n g them in t h e 
oven of a k i t c h e n s t o v e s e t a t 300 d e g r e e s F a h r e n h e i t f o r 
two h o u r s . 
C o n c u r r e n t w i t h t h e t e s t i n g of Samples k and 1 1 , dupl i -
c a t e t e s t s were made u s i n g t u b e s of medium from t h e l o t mixed 
and used in t h e c a l i b r a t i o n t e s t . The t i m e s r e q u i r e d f o r 
c o l o r change f o r t h e s e d u p l i c a t e t e s t s w e r e t h e same a s f o r 
t h e r o u t i n e t e s t s . In t h i s manner t h e a c t i o n o f t h e l o t of 
medium used f o r a l l d a i l y t e s t s was v e r i f i e d . 
On ly one a d d i t i o n a l f a c t was o b s e r v e d c o n c e r n i n g t h e 
a c t i o n of t h e i n o c u l a n t in t h e medium. When t h e i n o c u l a n t 
f rom t e s t Samples 2 th rough 21 was f i r s t p l a c e d in t h e t u b e s 
of medium, a shade of y e l l o w a p p e a r e d i m m e d i a t e l y . A f t e r 
t h e t u b e s had been i n t h e i n c u b a t o r f o r one hour most of t h i s 
y e l l o w c o l o r had d i s a p p e a r e d . What y e l l o w c o l o r d i d remain 
was c o n c e n t r a t e d in the l o w e r h a l f o f t h e l i q u i d . The top 
h a l f o f t h e l i q u i d r e t u r n e d to t h e g r e e n c o l o r of the c o n t r o l 
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t u b e s and t h e g r e e n c o l o r s t a n d a r d . When such a tube was 
shaken t o a g a i n mix t h e l i q u i d , i t s c o l o r was t h a t p r e v i o u s ­
l y no ted f o r t h e b e g i n n i n g of c o l o r c h a n g e . H o w e v e r , t h i s 
c o l o r would remain unchanged f o r s e v e r a l h o u r s . When f u r ­
t h e r change in such a tube d i d o c c u r , i t wou ld o c c u r c o n ­
c u r r e n t l y w i t h t h e two o t h e r t u b e s i n o c u l a t e d f rom t h e 
same s a m p l e . 
The c o n d i t i o n no ted a b o v e made t h e b e g i n n i n g o f t h e 
p r o g r e s s i v e c o l o r change d i f f i c u l t , i f not i m p o s s i b l e , to 
o b s e r v e in so f a r a s t u b e s i n o c u l a t e d from t e s t samples 
w e r e c o n c e r n e d . S i n c e t h e c o m p l e t e c o l o r change i n d i c a t e s 
a change o f pH f rom 7 . 0 t o 6.0, t h e c o n d i t i o n n o t e d may be 
i n t e r p r e t e d i n terms of pH. The change t o t h e y e l l o w c o l o r , 
o b s e r v e d a s t h e t u b e s w e r e i n o c u l a t e d i n d i c a t e s a change of 
pH f rom 7 . 0 t o a b o u t 6.5. The r e t u r n of a p o r t i o n o f t h e 
g r e e n c o l o r a f t e r one hour i n d i c a t e s a r i s e in t h e pH. The 
f a c t t h a t some of t h e y e l l o w c o l o r remained i n d i c a t e s t h a t 
the pH was h i g h e r than 6.5, but no t 7 . 0 . T h i s means t h a t 
g rowth c o n d i t i o n s i n t h e t u b e s c o n t a i n i n g t e s t sample i n o c u ­
l a n t w e r e s l i g h t l y more a c i d than i n t h e t u b e s c o n t a i n i n g 
c o n t r o l sample i n o c u l a n t . B e c a u s e of t h e m a g n i t u d e of t h e 
b a c t e r i a l a c t i o n in t h e t u b e s of medium, i t i s f e l t t h a t 
t h i s c o n d i t i o n d i d not a f f e c t t h e r e s u l t s o f t h e t e s t i n g t o 
any g r e a t d e g r e e . 
I n T a b l e 2 i t w i l l be n o t e d t h a t the t imes r e c o r d e d 
f o r c o n t r o l and t e s t Samples k, 5 and 6 a r e n e a r l y e q u a l . 
I t w i l l a l s o be n o t e d t h a t a c y l i n d e r of gas e x h a u s t e d i n t o 
t h e t e s t box d u r i n g t h e n i g h t b e f o r e e a c h of t h e s e samples 
w e r e t a k e n . In F i g u r e 7 i t w i l l be no ted t h a t , e x c e p t f o r 
t h e f i r s t seven s a m p l e s , the g e n e r a l s l o p e o f t h e two p l o t s 
i s a p p r o x i m a t e l y equa l and the main d i f f e r e n c e i s the s p a c ­
ing between them. T h i s s p a c i n g i n d i c a t e s t h a t t h e g rowth 
o f b a c t e r i a on t h e t e s t shr imp was d e l a y e d . The near equa l 
i t y o f t h e t i m e s r e c o r d e d f o r Samples 4, 5 and 6 i n d i c a t e s 
a s e n s i t i v i t y t o t h e d i f f e r e n t r a t e of f l o w of gas i n t o t h e 
t e s t box . F o r t h i s r e a s o n a second f i e l d t e s t was made in 
o r d e r t o d e t e r m i n e whe ther or not t h i s s e n s i t i v i t y c o u l d be 
r e p r o d u c e d . 
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CHAPTER IV 
SECOND FIELD TEST OF SHRIMP 
Storage Boxes and Equipment Used in Tes t . - - In the test des­
cribed in Chapter Ml there were three conditions of s torage: 
a i r , intermittent flow of large quanti t ies of gas, and con­
tinual flow of smaller quant i t ies of gas. Three storage 
boxes were therefore necessary in the second test for the 
reproduction of these conditions. 
In order to reduce the q u a n t i t i e s o f c o n s t r u c t i o n m a t -
e r i a l s , shrimp, ice and gas necessary for the second t e s t , 
smaller boxes were constructed. These boxes were s imilar in 
shape to the or iginal boxes, but had approximate inside di­
mensions of 11 inches wide, 11 inches deep and 23 inches 
high. All surfaces of these three boxes were cut from a 
s ingle 4 x 8 feet sheet of i inch f i r plywood. Waterproof 
glue and na i l s were used on a l l j o i n t s to insure against 
leakage. Construction of the inner par t i t ion was unnecessary 
in these boxes since they could be turned over and loaded 
face up. Two inches of styrofoam insulation was necessary on 
the outside surfaces to make up for the insulating e f fec t of 
the large mass of ice In the original boxes. A comparison 
of the s ize and of the construction de t a i l s of the two types 
of boxes is found in Figures 18 and 19 in the Appendix. 
The boxes and equipment used in this second test are 
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shown in use in F i g u r e 1 2 . The boxes were l a b e l e d f rom l e f t 
t o r i g h t , Box C, Box B , Box A. Box C was t h e c o n t r o l box a s 
may be seen by t h e f a c t t h a t t h e r e i s no t u b i n g c o n n e c t i n g 
i t to t h e c y l i n d e r o f g a s . Box B had a c o n t i n u o u s f l o w of a 
smal l q u a n t i t y of g a s . The manometer may be seen c o n n e c t e d 
t o t h e t u b i n g l e a d i n g t o Box B . C o n d i t i o n s in Box B were 
i n t e n d e d t o d u p l i c a t e t h o s e e x i s t i n g i n t h e t e s t box d u r i n g 
t h e l a s t two weeks o f t h e p r e v i o u s t e s t . Box A had an i n t e r -
m i t t a n t f l o w o f g a s . C o n d i t i o n s i n Box A w e r e i n t e n d e d to 
d u p l i c a t e t h o s e e x i s t i n g in t h e t e s t box d u r i n g t h e f i r s t 
few d a y s o f t h e p r e v i o u s t e s t . As may a l s o be seen i n F i g ­
u r e 1 2 , t h e p i n g - p o n g b a l l f l o a t v a l v e d r a i n s w e r e r e p l a c e d 
by i n s e r t i n g a l e n g t h o f t u b i n g in a j a r of w a t e r . The r e g u ­
l a t o r , c y l i n d e r s o f g a s , c o i l o f t u b i n g and c o n n e c t i o n s w e r e 
t h e same a s used p r e v i o u s l y . 
The d a i l y t e s t p r o c e d u r e was a l t e r e d in such a way 
t h a t s a m p l i n g of Box A was added t o t h e p r o c e d u r e a f t e r sam­
p l i n g o f t h e o t h e r two b o x e s . T h i s a d d i t i o n of the t h i r d box 
meant t h a t t h e w a t e r j a r c o n t a i n i n g Sample A was shaken s e p ­
a r a t e l y . A darkroom t i m e r was used t o i n s u r e c o n s i s t e n t shak 
ing o f t h e j a r s . P i p e t t e s w e r e s t e r i l i z e d i n p a c k a g e s o f 
t h r e e . Wash w a t e r and t u b e s o f medium used in t h e second 
t e s t w e r e f rom t h e same l o t used p r e v i o u s l y . 
S t o r a g e P r o c e d u r e and Data Q b t a i n e d . - - S h r i m p were o b t a i n e d 
f o r t h i s t e s t on t h e a f t e r n o o n o f September 1 3 . These shr imp 
were t h e f i r s t r e t u r n e d t o p o r t a f t e r t r o p i c a l s t o r m , D o r a , 
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and were caught during that morning. They were stored on 
the boat in a normal commercial manner. With the storage 
boxes in place in the previous location in the fish house 
the shrimp were randomly separated into three ten pound lots 
and each lot placed in a box in the manner of the re-icing 
procedure found in the Appendix. Immediately after loading, 
at 5:00 p.m. the needle valves were opened slightly so that 
gas would flow into Boxes A and B. The pressure at Box B 
was adjusted to £ inch of water in order that it would re­
ceive a small steady flow of gas. After 15 minutes the flow 
of gas to Box A was stopped. 
During the loading of the boxes Sample 1 was taken 
by choosing six shrimp at random before the lots were weigh­
ed. The next morning Sample 2 was taken from each box and 
the daily test procedure followed. Box B continued to receive 
a continuous flow of gas throughout this test. After the tak­
ing of Sample 2, Box A received a large amount of gas to an 
approximate pressure of three inches of water for one hour. 
Each morning after sampling and each afternoon thereafter 
Box A received this flow of gas. Data for this second test 
are presented in Table 4. Conversions of times to approximate 
bacteria counts are presented in Table 5. Plots of these 
data are found in Figures 1 3 and 14. 
Discussion of Results and Qbservations.--The observations 
made for the previous test were found to apply equally in 
this second test. The condition of black spotting was noted 
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T a b l e 4. Sample R e c o r d - - T e s t Two 
Sample M i n u t e s R e q u i r e d f o r Boxes Gas 
Number C o l o r Change R e - i c e d C y l i n d e r 
a f t e r Changed 




2 505 520 515 3 480 530 530 
C * 
k 400 445 475 5 505 400 455 \ 320 420 450 p -k-k 385 430 435 I 365 440 440 
* " C " d e n o t e s c o m p l e t e r e - i c i n g , see Appendix 
* * " P " d e n o t e s p a r t i a l r e - i c i n g , see Append ix 
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T a b l e 5 . B a c t e r i a Count of Samples - - T e s t Two 
Sample C o l i C o n v e r s i o n F i e g e r C o n v e r s i o n 
Number B a c t e r i a Count B a c t e r i a Count 
in Thousands i n Thousands 
per Mi 11 i1 i t e r per Mi 11 i1 i t e r 
C o n t r o l T e s t A T e s t B C o n t r o l T e s t A T e s t B 
1 0 .41 3.6 
2 9.90 0 .48 0 ,60 5 . 2 4 .0 4 . 3 
3 1.3 0 .35 0 .35 7.1 3 .3 3 .3 
• •
 25 5.6 2 .1 40 16 9 .5 
ro
 
4 .0 37 40 14 
33 13 5 .0 50 28 16 
7 40 9 .0 8 .0 52 23 21 CD 80 6 . 8 6 .8 80 19 19 
N o t e : To c o n v e r t f i g u r e s t o a p p r o x i m a t e b a c t e r i a c o u n t 
per s h r i m p : m u l t i p l y by 200 m i l l i l i t e r s ( t h e 
volume of wash w a t e r used ) and d i v i d e by 6 ( t h e 
number of shr imp in e a c h s a m p l e ) . 
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on t h e c o n t r o l s a m p l e s . The i n i t i a l change o f c o l o r o f t h e 
t u b e s o f medium when i n o c u l a t e d f rom t e s t samples was a l s o 
n o t e d a s b e f o r e , but was l e s s i n t e n s e f o r Box A samples than 
Box B s a m p l e s . No s o f t e n i n g o f t h e s h e l l or change o f meat 
t e x t u r e was n o t e d in a n y o f t h e uncooked s a m p l e s . 
A f t e r t u b e s o f medium had been i n o c u l a t e d f rom Samples 
2 , t h e s a m p l e s , s t i l l in t h e i r r e s p e c t i v e j a r s of wash w a t e r , 
w e r e cooked by p l a c i n g t h e j a r s in a pan of b o i l i n g w a t e r 
f o r a p p r o x i m a t e l y 15 m i n u t e s . P r i o r t o c o o k i n g t h e r e was 
no a p p a r e n t d i f f e r e n c e in the shr imp e x c e p t f o r a few b l a c k 
s p o t s on t h e c o n t r o l s a m p l e . A f t e r c o o k i n g t h e d i f f e r e n c e 
was v i s u a l l y a p p a r e n t . The shr imp w h i c h had been exposed t o 
c a r b o n d i o x i d e had none o f t h e o r a n g e c o l o r of t h e c o n t r o l . 
T h e i r s h e l l s w e r e s t i l l h a r d , but t h e meat a p p e a r e d t o h a v e 
t h e w h i t e t e x t u r e of c o t t o n . 
A t a s t e t e s t was a r r a n g e d by p l a c i n g one shr imp f rom 
e a c h sample unmarked on a paper t o w e l . One o f t h e p e r s o n s 
who had t a s t e d t h e shr imp in t h e p r e v i o u s t e s t was a s k e d t o 
i d e n t i f y and t a s t e t h e t h r e e s h r i m p . A l l t h r e e shr imp w e r e 
c o r r e c t l y i d e n t i f i e d b e f o r e t a s t i n g b e c a u s e o f t h e i r c o l o r 
d i f f e r e n c e . Sample C, t h e c o n t r o l , was a shade o f p i n k -
o r a n g e . Sample B was a shade o f a l m o s t p u r e p i n k . Sample 
A was a shade of l i g h t e r p i n k . Upon t a s t i n g t h e same change 
o f t e x t u r e and l o s s o f f l a v o r n o t e d p r e v i o u s l y was o b s e r v e d 
i n bo th samples o f shr imp w h i c h had been exposed t o c a r b o n 
d i o x i d e . S a m p l e B had no t a s t e o r o d o r . Sample A , w h i c h 
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had been exposed t o c a r b o n d i o x i d e f o r a t o t a l of o n l y 1 5 
m i n u t e s , had no t a s t e o r odor e x c e p t t h a t o f i o d o f o r m . The 
o t h e r shr imp o f Sample A l a c k e d even t h e t a s t e and odor of 
i o d o f o r m . 
Throughout t h i s second t e s t samples o f shr imp w e r e 
c o o k e d , compared and t a s t e d a s above and w i t h s i m i l a r r e s u l t s . 
A f t e r t h i s second t e s t had been d i s c o n t i n u e d a s i m p l e e x p e r i ­
ment was made. A f r e s h j a r of wash w a t e r was o p e n e d . C a r ­
bon d i o x i d e was a l l o w e d to b u b b l e th rough t h i s w a t e r f o r 
t e n m i n u t e s . S i x f r e s h shr imp w e r e then p l a c e d in t h e j a r . 
Gas was a l l o w e d t o b u b b l e t h r o u g h t h e shr imp and w a t e r f o r 
t e n more m i n u t e s . S i x a d d i t i o n a l shr imp w e r e p l a c e d i n . a n ­
o t h e r j a r of w a t e r f o r c o m p a r i s o n . No d i f f e r e n c e in t h e 
shr imp c o u l d be o b s e r v e d a t t h i s p o i n t . B o t h samples o f 
shr imp w e r e t h e n cooked in t h e w a t e r in t h e j a r s . The 
shr imp w h i c h had been exposed t o c a r b o n d i o x i d e f o r o n l y 
ten m i n u t e s , when c o o k e d , had changed in t e x t u r e and c o l o r 
and had no f l a v o r . T h u s , mere e x p o s u r e to c a r b o n d i o x i d e 
a p p e a r s t o be t h e c a u s e o f t h e c h a n g e s n o t e d . 
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CHAPTER V 
COMPARISONS OF THE TWO F I E L D TESTS 
Compar ison of T e s t S a m p l e s . - - A s has been s t a t e d p r e v i o u s l y , 
t h e second f i e l d t e s t of shr imp s t o r a g e was i n t e n d e d t o be 
a r e p r o d u c t i o n o f c o n d i t i o n s e x i s t i n g d u r i n g t h e s i m u l a t e d 
commerc ia l s t o r a g e of shr imp T e s t One. ( F o r c o n v e n i e n c e 
t h e two t e s t s w i l l be h e r e a f t e r c a l l e d T e s t One and T e s t 
T w o . ) A f t e r T e s t One had been c o m p l e t e d , but b e f o r e T e s t 
Two was b e g u n , t h e r e was some q u e s t i o n a s t o w h e t h e r o r not 
t h e l a r g e q u a n t i t i e s of gas e x h a u s t e d i n t o t h e t e s t box d u r ­
ing t h e f i r s t week o f T e s t One had been t h e c a u s e of t h e 
change in t e x t u r e and f l a v o r o f t h e s h r i m p . The mere ob ­
s e r v a n c e o f t h i s change made t h e commerc ia l f e a s i b i l i t y of 
use o f a c a r b o n d i o x i d e a tmosphere d o u b t f u l b e c a u s e of t h e 
d i f f i c u l t y o f a c c u r a t e r e g u l a t i o n by o p e r a t i n g p e r s o n n e l . 
Was t h e change c a u s e d by t h e amount o f gas used or by t h e 
mere p r e s e n c e o f t h e gas i t s e l f ? I t i s t h i s q u e s t i o n t h a t 
was to be a n s w e r e d by T e s t Two t h r o u g h r e p l i c a t i o n . 
There w e r e two c o n d i t i o n s o f s t o r a g e o f t h e t e s t 
shr imp d u r i n g T e s t One: t h e f i r s t , an i n t e r m i t t e n t f l o w o f 
l a r g e q u a n t i t i e s o f gas d u r i n g t h e f i r s t week; and s e c o n d , 
a c o n t i n u o u s f l o w of smal l q u a n t i t i e s o f gas d u r i n g t h e 
l a s t two w e e k s . I n T e s t Two an a t t e m p t was made to r e p r o d u c e 
t h i s f i r s t c o n d i t i o n in Box A . Of s p e c i a l i n t e r e s t i s t h e 
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fact that data obtained in Test One indicated a large rise 
in the number of bacteria on the shrimp while there was an 
intermittent flow of gas. (Samples 4, 5 and 6 ) . A true 
reproduction of this condition in Test Two should have in­
dicated a similar rise. In Figure 15 it will be noted that 
plotted data from the two tests do have similarities. In 
Figure 15 a rise in bacteria count is indicated by a short­
ening of the time required for color change since these two 
factors are inversely related. In both Test One and Test 
Two -- Box A the bacteria count reaches that of the respec­
tive control at Sample 5 (see Figures 7 and 13). 
Data obtained during the last two weeks of Test One 
indicated a gradual rise in the number of bacteria on the 
shrimp over the entire period. In Test Two the reproduction 
of conditions during this period was intended to determine 
whether or not there would be a similar gradual rise in bac­
teria if the condition of continuous flow of gas had exist­
ed during the first week of storage in Test One. If such 
were the case a plot of data from Test Two - Box B and the 
last two weeks of Test One should define an average line of 
almost constant slope. In Figure 16 this comparison is made 
and found to be approximately correct. 
Comparison of Control Samples.--Of all conditions that exist 
ed in Test One the conditions of the control box were more 
nearly reproduced in Test Two. In the case of the controls, 
the difference in the shrimp stored and the difference in 
Figure 15. Comparison of Tes t One and Tes t Two 










Figure 16. Comparison of T e s t One and Tes t Two - -
Box B Samples 
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re-icing were the main factors which could cause variation 
in the data obtained for the two tests. In Figure 17 it 
will be noted that the plot of Test Two data begins above 
that for Test One. Since the shrimp used in Test Two were 
stored in ice for several hours and as a result were washed 
by the melting ice, the diference is an apparent true indi­
cation of conditon of the shrimp. 
In Figure 17 it will also be noted that the plot of 
the value for control Sample 2 - Test One is below average. 
Upon reference to Table 2 it wi11 be noted that the storage 
boxes were partialy re-iced on the day prior to the taking 
of Sample 2 . Thus the storage box, prior to the taking of 
Sample 2 , contained a large mas  of ice which had a slow 
melting rate and alowed an increase in the number of bac­
teria on the shrimp because of decreased washing. This is 
correctly indicated in Figure 17 by a reduction in the time 
required for color change. Similarly there is a reduction 
in the time required for color change after each re-icing. 
By comparison, there was no re-icing in Test Two prior to 
Sample 2 because in Test Two the boxes had not been exposed 
to the sun and wind on the deck of a boat. Thus, there may 
be an accounting for diferences in the plots shown in Fig­
ure 1 7 . 
Here may also be an accounting for similarities in 
the two plots. It will be noted that in both tests the stor­
age boxes were re-iced prior to the taking of Samples 4. 
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Again the results of the treatment of the stored shrimp is 
reflected in Figure 17. More than anything else, these com­
parisons reflect the sensitivity to change of the method of 
measure. 
Discussion of Reliability of Medium and Test Procedure.--It 
has been mentioned that a duplicate test was made on two 
separate occasions during Test One. A similar duplicate test 
was made during Test Two with control Sample 3 - In these 
duplicate tests a different lot of medium was used. The fact 
that all of the duplicate tests reflected the same action as 
their respective routine tests indicates that the acid pro­
duction medium is not materially affected by several months 
of age. 
Throughout both periods of testing no problem was 
presented by contamination of the tubes of medium. On Sept­
ember 15 the single instance of contamination was observed. 
On that date a small spot of what appeared to be mould was 
found at the liquid surface on one side of a tube of medium 
which had been prepared on May 8 with those used in the cali­
bration test. There had been no color change in this tube, 
nor was a change of color observed in any of the other tubes 
of medium stored. 
In the daily test procedure used throughout both the 
periods of testing the step of agitation of the samples in 
the wash jars held the greatest possibility of producing an 
error in the results. For that reason extreme care was used 
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in t h e p e r f o r m a n c e o f t h i s o p e r a t i o n a s had been s p e c i f i e d . 
Throughout both o f t h e t e s t i n g p e r i o d s t h e same p e r s o n p e r ­
formed t h i s o p e r a t i o n , had i t been n e c e s s a r y f o r d i f f e r e n t 
p e r s o n s to shake t h e j a r s an a d d i t i o n a l e r r o r w o u l d h a v e 
u n d o u b t e d l y been i n t r o d u c e d . Had such been t h e c a s e , a 
m e c h a n i c a l s h a k i n g w i t h a d e v i c e such a s used t o mix c a n s 
of p a i n t would h a v e p r o b a b l y been recommended. 
The a c c e p t a b l e s e n s i t i v i t y o f t h e method of measure 
used in t h i s e x p e r i m e n t a t i o n has been m e n t i o n e d . The f a c t 
t h a t such s e n s i t i v i t y was o b s e r v e d and c o u l d be r e l a t e d to 
known c a u s e s j u s t i f i e s t h e a s s u m p t i o n t h a t t h e d a i l y t e s t 
p r o c e d u r e p r o d u c e d a r e l i a b l e measure o f b a c t e r i a l a c t i v i t y 
on t h e shr imp s t o r e d d u r i n g b o t h the p e r i o d s o f t e s t i n g . 
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CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 
C o n c l u s i o n s . - - T h e change o f t a s t e and t e x t u r e o f shr imp 
f o u n d t o be c a u s e d by c a r b o n d i o x i d e p r e c l u d e s t h e commerc ia l 
u s e o f a c a r b o n d i o x i d e a tmosphere f o r the p r e s e r v a t i o n of 
s t o r e d wet s h r i m p . The p r e s e n c e of such an a tmosphere 
a round wet s t o r e d shr imp d o e s , h o w e v e r , d e l a y b a c t e r i a l 
a c t i o n f o r s e v e r a l d a y s . [ t may be i n f e r r e d t h a t b l a c k 
s p o t s on shr imp a r e c a u s e d , a t l e a s t i n p a r t , by some com­
ponent in a i r s i n c e shr imp s t o r e d in a c a r b o n d i o x i d e a t m o s ­
p h e r e d e v e l o p e d no b l a c k s p o t s . 
The a c i d p r o d u c t i o n medium d e v e l o p e d by Novak , F i e g e r 
and B a i l e y (29) t o g e t h e r w i t h t h e t e s t i n g p r o c e d u r e d e v e l o p e d 
f o r the e x p e r i m e n t a t i o n d e s c r i b e d h e r e p r o v i d e a r e l i a b l e , 
s a t i s f a c t o r y f i e l d measure o f b a c t e r i a l a c t i v i t y on s h r i m p . 
R e c o m m e n d a t i o n s . - - A n y a t t e m p t a t commerc ia l use o f a c a r b o n 
d i o x i d e a t m o s p h e r e f o r w e t shr imp s t o r a g e s h o u l d be s e r i o u s ­
l y r e c o n s i d e r e d b e c a u s e of t h e r i s k of l o s s o f shr imp so 
s t o r e d . O ther means o f p r e s e r v a t i o n of shr imp a t sea s h o u l d 
be emphas ized in f u t u r e r e s e a r c h . 
A s t a n d a r d i z e d commerc ia l t e s t i n g p r o c e d u r e s h o u l d be 
d e v e l o p e d f rom t h e d a i l y t e s t p r o c e d u r e used In t h i s e x p e r i ­
m e n t a t i o n . A commerc ia l u s e r o f t h i s t e s t w o u l d r e q u i r e : 
an i n s t r u c t i o n b o o k l e t , a smal l i n c u b a t o r , a m e c h a n i c a l 
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v i b r a t o r for uniform a g i t a t i o n of samples , s e a l e d tubes of 
l a b o r a t o r y prepared a c i d product ion medium, s e a l e d j a r s of 
l a b o r a t o r y prepared w a t e r , and i n d i v i d u a l l y packaged s t e r i l e 
d i s p o s a b l e p i p e t t e s . For extended u s e , t a b l e s of c a l i b r a t i o n 
could be p u b l i s h e d . Entry t o t h e s e t a b l e s would be gained 
when the time required for c o l o r change and the degree of 
p r i o r washing were known. From such a t a b l e an approximate 
degree of s p o i l a g e could be e s t a b l i s h e d . It i s t h e r e f o r e 
recommended that t h i s use of the a c i d product ion medium 
deve loped by Novak, F i eger and B a i l e y be c a l l e d to the a t t e n ­
t i o n of the a p p r o p r i a t e a g e n c i e s for t h e i r c o n s i d e r a t i o n as 
a means of e s t a b l i s h i n g q u a l i t y contro l measures for shrimp 
and seafood p r o d u c t s . 
APPENDIX 
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DESCRIPTION OF WATER BATH INCUBATOR 
Two items were purchased from a tropical f i sh supply 
store for the incubator. These were a 2 j gallon rectangular 
aquarium and a 50 watt thermostat ical ly operated heater. A 
cover for the aquarium was made from a sheet of p l e x l g l a s . 
At the front of this cover two rows of eight holes were d r i l l ­
ed in such a way that 20 by 1 5 0 mm. tes t tubes placed in the 
holes would be 3 / 4 inches apart and at l eas t one inch from 
the sides of the aquarium. A frame of aluminum sheet was 
bent and attached beneath the holes as a support for tes t 
tubes. This frame allowed the top of test tubes to extend 
about i inch above the cover. Thus, the incubator was mere­
ly a tank of water maintained at the desired temperature with 
a simple tes t tube rack arranged in such a way that the tes t 
tubes could be viewed without removal. 
When purchased the heater thermostat was set at 75 
degrees Fahrenheit. This was reset at 95 degrees by f i l l i n g 
the aquarium with 95 degree water and moving the adjustment 
screw until the heater turned off . At this set t ing the heat­
er was turned on when the water temperature was about 94 degrees 
and was turned off when the water temperature was about 96 
degrees. With the heater placed at the back of the aquarium 
behind a b a f f l e , i t was found that there was a ten degree 
difference in temperature in some locations in the aquarium. 
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To e l i m i n a t e t h i s t e m p e r a t u r e d i f f e r e n c e an a g i t a t o r was 
made f rom a smal l e l e c t r i c motor and a p l a s t i c model boat 
p r o p e l l e r . T h i s was p l a c e d n e a r t h e h e a t e r so a s to move 
w a t e r f rom t h e h e a t e r toward t h e t e s t t u b e s . An aluminum 
b a f f l e , p a i n t e d w h i t e , was suspended between t h e h e a t e r and 
t h e t e s t t u b e s t o c o n t r o l t h e c i r c u l a t i o n of w a t e r and to 
p r o v i d e a c o n s i s t e n t background f o r t h e v i e w i n g of c o l o r 
c h a n g e s . 
The a r r a n g e m e n t o f t h e i n c u b a t o r p r o v e d e n t i r e l y 
s a t i s f a c t o r y t h r o u g h o u t a l l t h e t e s t s . Once t h e thermo­
s t a t had been s e t no f u r t h e r a d j u s t m e n t was made or found 
n e c e s s a r y . T e s t t u b e s w e r e e a s i l y p l a c e d in and removed 
f rom t h e i n c u b a t o r . V i e w i n g of t h e t e s t t u b e s d u r i n g i n ­
c u b a t i o n was e a s y b e c a u s e o f t h e g l a s s s i d e s of t h e a q u a r i u m . 
FORMULA OF MEDIUM USED IN T E S T S ONE AND TWO 
T r y p t o n e 5 .5 grams 
P r o t e o s e P e p t o n e 11.0 gm. 
B a c t o - B e e f E x t r a c t 2 . 2 gm. 
D e x t r o s e 3 .3 gm. 
L a c t o s e 11.0 gm. 
Mai t o s e 1 1 .0 gm. 
Y e a s t E x t r a c t 1.1 gm. 
Sodium C h l o r i d e 11.0 gm. 
Bromthymol B l u e 0 .11 gm. 
Di s t i 1 l e d W a t e r 2 . 2 l i t e r s 
Note.- The i n g r e d i e n t s l i s t e d a r e t h o s e found i n t h e 
f o r m u l a f o r t h e a c i d p r o d u c t i o n medium d e v e l o p e d 
by Novak, F i e g e r and B a i l e y ( 2 9 ) . The amounts 
o f t h e i n g r e d i e n t s shown a r e 22 t i m e s t h o s e 
p u b l i s h e d by t h e d e v e l o p e r s . 
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RE-ICING PROCEDURE 
Test One, Complete Re-icing.--
1. When the height of the center of the mas  of 
shrimp and ice in the boxes falls below 11 inches, open 
the control box and remove the inner partitions. 
2 . Remove the top half of the shrimp and ice con­
tained in the box and place in a clean wash tub. 
3 . Remove the botom half of the shrimp and ice 
and place in a second wash tub. 
k. Carefuly fill both wash tubs with water with 
a minmum of agitation to melt away the large pieces of 
ice from the shrimp. 
5. Drain the wash tubs and remove smal pieces of 
i ce. 
6. Place one of the boards in the partition and 
fill the botom of the box with freshly crushed ice to a 
depth of about 12 inches. 
7 . With the hands, push ice to the sides of the box 
to make a bowl shaped depression about four inches deep and 
16 inches in diameter. 
8. Place two handfuls of shrimp from the second 
wash tub (the shrimp which were originaly on the botom 
of the box) in the depression. 
9. Add one shovelful of ice on top of the shrimp and 
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mix so t h a t i c e i s d i s p e r s e d a round t h e s h r i m p . Take c a r e 
t h a t t h e shr imp a r e kep t away f rom t h e s u r f a c e s of t h e box. 
1 0 . Re fo rm a bowl shaped d e p r e s s i o n and c o n t i n u e t o 
p l a c e shr imp and i c e i n t h e box a s a b o v e . Add a d d i t i o n a l 
p a r t i t i o n b o a r d s a s r e q u i r e d . When a l l t h e shr imp a r e r e ­
p l a c e d in t h e box , t h e top shr imp s h o u l d be about e i g h t i n c h ­
e s f rom the top o f t h e box. E a c h shr imp s h o u l d be r e p l a c e d 
i n about t h e same r e l a t i v e p o s i t i o n i n t h e box . 
1 1 . F i l l t h e rema inder o f t h e top of t h e box w i t h 
i c e . About 600 pounds of i c e a r e needed f o r t h i s r e - i c i n g . 
1 2 . A f t e r t h e c o n t r o l box i s r e - i c e d , r i n s e t h e wash 
t u b s and r e p e a t t h e above f o r t h e t e s t box . 
T e s t One, P a r t i a l R e - j c i n g . - - B e t w e e n e a c h c o m p l e t e r e - i c i n g 
o f t h e boxes i t was p o s s i b l e to add i c e t o t h e top o f t h e 
box . E a c h p a r t i a l r e - i c i n g was made when t h e c e n t e r o f t h e 
mass o f shr imp and i c e was l o c a t e d about I S i n c h e s a b o v e t h e 
bot tom of t h e box. A t t h a t t ime i c e had a l s o m e l t e d a w a y 
f rom t h e s i d e s of t h e box f o r a d i s t a n c e of about t h r e e i n c h ­
e s . A p p r o x i m a t e l y 300 pounds o f i c e w e r e r e q u i r e d t o f i l l 
t h e s i d e s and top o f each box. Had p a r t i a l r e - i c i n g been 
r e p e a t e d w i t h o u t c o m p l e t e r e - i c i n g , a l l o f t h e shr imp wou ld 
h a v e e v e n t u a l l y been l o c a t e d a t t h e bot tom of t h e b o x e s . 
T e s t T w o . - - T h e same methods of r e - i c i n g d e s c r i b e d above w e r e 
used in T e s t Two, e x c e p t t h a t t h e boxes w e r e t u r n e d f a c e up 
d u r i n g l o a d i n g and t h e p i e c e s o f i c e removed f rom t h e boxes 
w e r e broken away f rom the shr imp by hand i n s t e a d o f m e l t i n g 
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in t h e wash t u b s . A p p r o x i m a t e l y 70 pounds of i c e were r e q u i r ­
ed to c o m p l e t e l y r e - i c e e a c h box in t h i s t e s t . H a l f t h a t 
amount was r e q u i r e d f o r p a r t i a l r e - i c i n g . 

Figure 19. Comparison of Inner of Storage Boxes Construct ion 
I 
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